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(54) ELECTROSTATIC CHUCK AND ITS COPYRIGHT: (0)2001 ,JPO 

MANUFACTURING METHOD ^ 


(57) Abstract 

PROBLEM TO BE SOLVED: To provide an eleclrostatic 
chuck for holding a substrate in a chamber and a method 
of manufacturing the same. 

SOLUTION: An electrostatic chuck 55 comprises an 
electrostatic member 100 including a dielectric 115 
having a surface 120 adapted to raoeive a substrate 30. 
The dielectric 115 covers an electrode 105 that Is 
chargeable to electrostatically hold the substrate 30. 
An electrical connector 140 comprising a refractory 
metal may be connected to the electrode 105 to charge 
it A base 175 may comprise a composite of a plurality 
of materials, such as, ceramic and metal. Optionally, a 
support 190 can be provided to support the base 175, 
where the support 190 is provided with a cavity 300. One 
or more of the electrostatic member 100, base 175 and 
support 190 may be jointed by a bonding layer 250. A 
heater 235 may be positioned below or In contact with 



the electrostatic member 100. 
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(54) t»wo«»] »m^'^yi7mJ^<o9mm 

14 0 S:m«ilCffii^-r & t *«-r# S . '^L-X 1 7 5 

■thfcMz. ^msoo i:^-th^Mt^ 19 0 ^mifh 



(i) K^l:r;P5a'>A, M-ftr;u5-'>A, mm 
Sit->v^y. ZMiti^'Jay. S.tmit'Jj\^^- 

(ii) T)\^^-^M,. m. ^tor^y. ^i-^y. f 

(iii) mit>-VziyS.t/Tf\^S.~'yM,i:^ttZt. 

(iv) ±mzm-^-b7i-y^<r>mt^m±. ±m^- 

(v) ±mzm-t-^^^-/^<r>^m^mii. 

3<^) ( vi ) CKKcOtfrnf-*- -y . 
i: tt«« 5 {ciaf{«0»iif-^ -y ^' . 

fc, 2rli;c-Ci^S^i:$-!Npmi:-r.5lfm^-v y:5'. 
[fS^fl 1 0 ] ««£$-»^-rs/c4^<0»«^-v ^9^: 
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T-yTi:. 

C^«l 1 ] iiaxr -yr ( b ) (±. :&)1S:#?L« 
5 y ^'rttC}§AS^&c:fc^^J:o■C'<.-xS:JB^i- 
l,;^-f •yr*»f>^:l,^ fc?&!j$iafc-r6iS*JS 1 ofcata 

lit«« 1 2 ] S{4cS:»l^-?-«./cW)0»m^^ y 

( b ) iMm^mtizm^^ti, mL(mm<m-ki/^t- 

( c ) ±ie<-x{c:(a^$^T.Tv>53a*(*t . irmtx 
V ^s ^ fc * t -r-s »«f-r -y . 

(i) ±i2<-xji, *s®{cj:-?r±ie»^swtcer 

(ii) ±E3a#ftt±. :&fUBt=J:r>-C±ie'<-Xtc*g^ 

(iii ) JJfi'^-xti, ±ifi»«gi5«cof'Jg5S^a<?)**J 

±3Q%m<^»smkm^vx\<^izb, ttiu 

( iv) Jii£'<-X«. ^SiS:r0A?-«ir5t^?L«-fe7 5 y 
^'*»^>'5:&::fc. <7)^-^:<i:t,1^2:lifrv^S::i:S: 

t -rs msm 1 2 »ciE«<o»mf-+ >y 9 . 
mm-i>ifmxt>'^x . 

( a ) ±ies«cs-»mwc»itf * J: o iz^m^m^^ 

"r-y-rt. 

( b ) «aK<^tr!R<^1S^#o6»/i,t:S'<-x^ ± 

lew^SPWSriie^-xicjs-^-r&xx-yrt. 

-x(ciS^-r s xf- y r ?rsg{c*^•c^^s i t $-!|$®t 
-r^m^ 1 4 tcifi®<^:fir^. 

IfS^ 1 6 1 fc»6c0«f ^f-^ y 9 X' 
( a ) ±iSS«c&tf«Wlc»J$-r S i o lc=^m^|g^r« 

( b ) ±immmtcoTiziiLmL. ^tmttm-h^j: 
tsas:?r^.6'<-xt, i:mtx\>^hztimsit-ti> 

Wi^^y^. 

imsmi 7 ] iie^-Xfi. f<;4*><=>*«;10p p m/ 
•C*-C<0«iS^5S^»Sr* LTV c: i: Sr^ffi t -r 5if* 
^1 6{Ciei8«0»li^A'y^'. 
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Cis*jai9] ±ie'<-x<i, n-x-fx^^ h^/i 

TtcfLTSL, a-x^X7>f hi^ilA^'f 

[if^ja22] ±te'<.-;^«. 3—f-fX7^ hi^c 

{±A7>f h*»^>'5r&c:fc*-1tfSfc-rSii««2 1 tie« 
f-yrt. 

( b ) ±R»mai{*ts-3a*-rs^4^«w$-^r-rs<- 

m^m24] ±texT-yr (c) {±, T;i'$-'> 

A, ffl, i«e. ^rUrf^i^, ^r^'^-. r^y^^x-fvwio 

[IS^JS2 51 ±ie»msi5«i:±iMd^fccoscoa 

b S:»f (ai:-rsi9««2 3 t=fettO:frffi. 

hr>X. 

±im^^Kin.mzu.n-th i o iz^m^mr^nm^:^ 
j<-vx\.\h^i/if^^^xsmm\t. 
±.tm^un(r)T^z&s.L, m.mwm^i>tch^-x 
t, imx.x\'^h:ib^w&Lfti,tm^A' y9 . 


hZt Sr^SS t -rSiS^ 2 6 Ciei8<0^m^-v y ^ . 

[ mm 2 8 ] ±ie^-x{± . wto^^, hp*> . 
( i ) IS i<o-(r y h c7)^8s«t*^'is 1 <r>mm^z^mz 
m^^ti. ^2<r>^y\-<nmmmifi^2<7immmz^ 

fi^tCie^6)$i^TV^|>c:i:, 

{w) »mwmmLm^mzEM^ttx^.^h:i 

(iii) ^a»ltiO«c«^*Ji, ±ie'^-x/)t±a»« 
teats? ^fL-Ci^SCli:. 

(iv) «fcj83g«a*«*«;4*>i?,imoppm/x:4-rcft& 

Zt. <^'y^£<th\'>i:mx.X\^i>;it^WSLb^h 
W^JS 2 6 iCiSKcO^a^-x- y ^' . 
[i«^2 9 1 ±Je'<-X*i. ±ie^i«i«tS-lROH 

ii^ja 2 6 \.zim<rmm^^ y ^ . 
\.mim^ o ] jjestKu ^^^»±, W£hmm/m. 

-rsfS*^ 2 9 tCi2ilicO»«^A' y J? . 
1^^313 1 3 ±igsmy y^^Ji. ^?LK-fe7 5 y 
&tJf^g75-<?.^:aj:fc $-!|#gii:-tSfS^2 9tclBttO 

Umf-A-^y:?, 

[»««3 2] ±IS-t5 5-y^'(±^'fbi'U3y3!)»^>^r 

If 3 1 (cia«tfOf?S^^ -y . 
IIS^3 3 1 »«^A' y^'?:iHJS^S*^T'fto 

gi5«$-J^«^SXxyrfc. 

( b ) Smmth^t:>ts:h^~x^%^'th:^=r yyb. 

( c ) ±iB'<-X$-±S»«a{«tc^^SXx-yr 

[|9«3S3 4] ±iex7^yr (b) (i, 

(i) ±ie'^-x*iiocoffirtlct>v^TII«WC^:^rtt 

( i i ) IS 1 c7)-b y hco^lgaStS^rllS 1 (rM\^mi.z^'<Hz 
iiltil L . 2 O-b y h <0il5f!iaatS-m 2 ^iiJiai«!ll=¥tT 

(iv) i»aRa»t<^««^j-j|5Sr, ±ie'<-x*j±£»iia5 

ptciMfR-r-SXf-yrt, 

5gf«a«:MTS J: 3 tc^ssaatiowcs^^s-siiR-rsx 

f-yT-fc, <7)'>^<fc t lo$••tr^-c't^s^^:^■^t 
-r WiUrs 3 3 iz%m<ri:fjm. 


a a 
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(b) ±ie»ma5«<oTt=fiiSL. ±ies«ts-«i«)oT 

Cft^« 3 7 ] kMmmi , WT<^^, fiP*> - 

( i i ) ±IS3r«<oaJSrn 7 r ^ /K=Mf«#ft 

( i i i ) JJe»^S5<^cOfaj^C6ft<?)*^±30%J3ll*l<OSi 
(iv) BMfcT/l'S-'^A. g<fcr/U5^'>Ji.. K« 
SfllS^Uay. ZK^tv-'Jny, ai/K^kv'^Wa- 

(ii) Tiv^-^L., ^oy'ry. f-i>y. 9yy 

<v) ±iest^«s<i. 'J)\^a-^A'c:^c,hx\.^h^ 
k, <^ii'^^r<fc t lo^«lx.rv^&ifcS:1$fat-r&l» 

c: fc Sr^fgik-rslS^Ja 3 6 tcie»<0»m-f-A- >y . 

[ii*JS4oi mf^^-f-^yf^^x'^mth-m-oh 

(a) ±Si.^xyt^P^\iziii\^xi»n^±izmSi^i 

(b) ±isff«g8«<^Tic{ast- sjDD^sstci&m-r&c: 
k J: -5 XUtmW^tmt h:^T'yrt. 

;<r;^S-fl^»^«;^f-yrfc, 
[iS5l?JS4 1 ) ±MiXr- y r ( c ) {± , ±ieif 


(iS3?3S4 2l ±iexfX(7)E:^{i, 

( i ) ±fd«Ht±*lc|l«Wtci^=Srffl-SS:at»-f & J: 

(ii) SOS'Jh/l/iOfi*.^*^ 

(iii) *«j2*>f>«^505'J h;Ui-CT'*>S. Zti:<m 

k-f ■6i«m«4 0 icieiKw:^. 

[ii^4 3 1 ««t*f-^ wN-rttc»i#-r sfe«6<o» 

W^vy^'TJ>-5-Cs 

±Mnw,^^<r)Tiz{imb. ±Mimmsmt±iii--ry 
WfWt. ^mtx\^hzt^:^t-rhn%^\'y 

9, 

JSro 7 r ^ ^ t ^-^ I. i 5 =5:J^<^iT'S> i k 
ffik-r Sii««4 3 -y . 

*-r i. ^>;l-3&>f.^: S CI k S-1$ak-r SiS«Jl4 3 

«i-?-fL^.«Ofi^«£A»^.^r&::k S:i^k-rsa*iS4 3 
{c:ieii5«»mf-A--y^. 

z k ^i»iak-tsi»*ja4 3 iziimconm^^- -y ^' . 

Cli«fl[4 8 ] S«s£-»»-rS Jti6cO»Sf-v -y 9X 
««& i& L r V ^ tf»f«gW k , 

«lfCU& vlk S:^k-r&»SEf^^ -y . 

(i) 9yyx^y^ ^oyfy. -yr/w, sh, 

S:^^T'V^l,^k, 

(ii ) JJe»IIS8«±tfiy#$ixtv^?,««s<oiaKS:iJ'- 
=5r< k {>m(XfCtHf±^^^ht:lbiZ-H^lzm^^m)i 
Sr^LTV^^Ck. 

(iii) iiMMfi , mnmizw-mx'h ^zt. 

^r< k 1 1 -^$■*^T'V^S^ k S:#isak-ri.iS*JS4 8 
izMm<m^^^y9. 


. » > 
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(i ) ^Jg53g^f!t<i, k.w^^.w^<n^mmlm.<r)ih±^ 

(ii) •b7S y^'at)f^JS-e*SC:i:. t.tAt 

( i i i ) ^a$:r#A;?-«i-/^^7L®-t: 5 S •/ ^'TS) 5 CI 

«3s 5 0 tciea<^i»!i^A' x ^ . 

( a ) ±^£f*S:»mWfc:«}^-rS J: ^ kzMW^^tcn. 
( b ) tm^^is^, ±£»«SW{c«^nrtig^:^ffl?r 

Xx-y r5:^^■ev^6^ fc *#S!i:-^-^|»««5 2 tie 
VSm^Sl\ ««c$-«»-rS)t46(^»«f-^y:7T 

J: a tC^-sTtJO , il'->^r< i: t>rjl500*CcOl[»aJKS-* 

(iii) ±iamfii3:t>^^*»\ 7lVi=.'^A^ 
A. ^)tli«||^l^^tcJ:^T±lelifli^c^^$i^T^,^ 


i.|S3<31 5 7 tCESifTDSfmf-X' -y . 

sw^^ 5 7 tcietscoff -y ^ . 

SiS^JS 5 9 {cie«l<OI»«^A' -y ^' . 
[ 6 2] Sfils: S-ft^-r S 3ti6<0»«^+ y * 

( a ) ±IB«i*$r»mWtc«l#-*-S J: 0 lc«m^«g=Srm 

m^me 3 ] ±l2#Bttrg#:Sr^A$-ti:.SXx yr 
I«jloo*»4>*5200p s i *T-<0£E::>)i&±^3fi8tta[* 

{can;i sxf- y r$•^^•cv^s i: s-imat-rsis*^ 
6 2{cie«s«o:fir&. 

[19*186 4 ] ±KX7- yr ( a ) ti^JLSTi; 7* 

-A*»f>^SiSlS«c$-Jg«-t*XT- yr$r^A, ±KX 
■r-yT- ( c ) «±3e^tt?S(*:5r±E^?L®ru 7 4—^1*] 

^6 2(cieil{<o:Sr^. 

^i^y, —'vtDV^ ty:r-r>', *7t(i-5-tL 

'^.<?>&&■cm■r■&^u»^xx•yrs:^^■c^^*::^: 

[if«a6 6 1 ±ffiX-r yr ( c ) {±, T/US-i^ 
0. 
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i: <7)^w«rt COSMIC i -7T ±l5«ffitc 

10001] 
[0002] 

S»«f-A'>y^'<±. ««IWf-A'»/^'at^KSf-^>y^'tw 

s . -tf- s t mmit</)mmMt^m^mzmm 

t, f#^.nS»S:»3*^'S«cSr»m^^ y:?-htc«SJ*-r 
10 0 0 3] ^lHlKS:i!Bi-ri>/>:i6lw»rrc{clBI62<x 

f-^'•y:?^oi!^Ji(^f^ffl^i^T^^S*rl4S:flWK:^<l: 
/j:{±M'fl:r;US-'>AAl NCOJ: o'Sr-fe^ S y ^'l^^tc 

mmx'h a . ^tm, 5 s -y ^ ^a<7)^j?3S{?.K<o 

IKcioTSim, at/«M«^JE:^*''t/i<^$n, -fe 

T**. f-v >yi!'fcf-\'i'>'<i:<orafc:ja:*:=S:t!fyi5:^)*^ 
t§ii-SC:t=5r< . •y:5'f-v y:J'S-f--^>'''^Nl 

[0004] Hic, 9iJttc^%$*t3tro-fe;^{i. »i| 
its J: 0 1 ^iSJKi Tlttllllfe-rs ZtiriiSmtriZt 


mm^^hztummx'h^. *iB^iTS5.28o.i56-^ 
A- y ^'co-b 7 $ y ^'i^i:f<sco4>t:mMar/»D^s*^^^{c 

m^^fSK^^jsmc^izx -iX^gL^mmiM' 

^izmiSit x-tmx'^ y ^tcswsBS&s*?? 
[0005] m^ra-txiztiy.^xii. mzmtbxA^ 

y-yx-?^ y^ym&t <7)m-k<7mm\,zi:r>x . smi^r 
yxrrf^iziammn^^-t^, zti^n^msmi. 

e-yvxACpl^-^:Ci:*»<o. »«cfcf-A' y:?i:<^ra 
y ^7 ^ti«f & - 1 LV n 

[0006] mkcr)nm^-v yj^iza^-ixm^^-ti 

t,nm^%ai:^<M%-:j^--!'9t<r)mz^ vm^^nss, 
m^mim^^-^&ztcrtmL^x'h^. «*co«^3 

ii7!)>'i>s. MIC. m^zi^^^^'i^immi.zi^mmtfM 
^oHmzx-yxm^^tui^imii. m^ttzim 

s^oT. mmb^^^-i'i^t<r>mz^^, a-pfs® 
T't sm^««t«-^s»^f-A' y s k *^ 

[00071 5StC8««ra8I*^ #(cSara-feX<0^ 
tc. »Sf-v y^'t-?-vWN'£?)*B5i:<:OS«0^2S>'-;U 
l,z^-thZti}^^\'\ ggf*:. JltX 

[00081 VXtcoX 3 tc, *A:(i«mWtcjS 
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[00091 

^•y7\t. wm. ;y;?>^Betff (T-fXhufi- 
[0010] ffrnf-^- y 3 >{±. tfmsR 

aV^Jg<7)ji<?)j: ^ ^SS-^^ic J: o r ^<^f?«Si5« 
<1. ffiL<{±, c:iit^«)itcJ:-5-C'<-xici|g-&$ 

Die, -au/ii*:^yt-y>-xs-ti«-r&. 
[00111 s'J<7)/N'->'3 >-e«. »«^+ y ^'{i, » 

[0012] SiJ<^)B5l=tJV^T{i, mMmmi^ 

h^^K-x±(cmmmti:06tx^'>h. »*l<*4, 

i^«t«K4, <-xi)<S)6m[^xmmmz^-fT^x'i^h 
mmm^i^-Thiioiz. ^^&:firi6itci;r6i-r?.. sf 

(00 131 1-?«0SC*>V^T> *S|Bfl<4, 


miztsm^tix^^x. m^immizm<. amn^s^?^ 

[0014] m<r>j<--'Ja y\,zti\^x. *^BB»±, 
mH^b. im!i,z'^mzim^1xX\.^h%%n^99 

^3:t.:?:J'cOiSSJ:0t:*:#ir^m2iOa:gt*^^> 
[00151 *l6BflcO 1 y^--i;3 :^{ctjv^T{±, 

'f /W^^-il Side, ;yx^«l^F-f-S?gjH^*tr. 
[0016] *i%HB(7)XiI<0M'-i/'3 :x(4. aWcj-f-A- V 
/A'rtU:{iyt-r&/v:i6co»m^-v «y ^'3&>^.^r 0 , Z.<m^ 

%^-ri>xoiz^^m:n.mi:ijf'^-Lx\.^h, n% 
^^hwmimm=i-^mtx\,^h. cntifmaimT 

[0017] *^C0 lIUteOJgSKCtSV^TJi. »«f- 

m::f!^^~'Lx\-^m%w^mtx\^h, m^sm<oT 

[0018] *I^BB{4, S«s$rfifel?f S/cftcOSfmf-A- 
•y^'S:S!SJt-f&:fr&SrtSfit-f6. *:6^4, »*Srff 

tiK ®SEc7)-Sg:JJ•S:S^i}S■li■TV^S?L$•^-rl>i«m«s$• 

jgfig-r&xx-yrt, ^a;^^':^'^:»€^^r•y^'<^^L 
^^hx^yrt. m%mm^%%^^-9 9tnMt 

3^^:7:5' S-WSECm^Wlcgf^-rSXxyrt i^A,X- 
[0019] ^iJcOVN'-i^'a y{ctJV»T, *:^r&<4, S» 

m^«ES-jg«-ts x-f y . rtsstcfisrw-r & ^?La 

r'J7*-ASr)g)«-r&Xf--yrfc, »matt$:^7L« 
r 'J 7 * - AtCjkt LT fiS^ LT ^Unr 'J 7 * -AtfO?L 

t<r)mzmm.i:m^^'thxy-yrt. ims-^fL^r 
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coo 2 II mn-m^a^^x, i^wfu. f-A-wN'rtc 

li5«cOTcOM!lSl^*&m-r& C: t J: ^ T«i*:S:anSfe-r 
[0022] :*:|6BBcOi*tA.cO^Siao^*l|^ti, IfftW 

^soffiH, m<rm^. mfimmm^ih\.x\^h^ 

100 23] 

-^-&/if)CO^-vWN'2 5tOMA^\ Hlt^^^/XTl/^S, 
f-A'yA2 5J±. ^#3 5. WM4 0. TIIB^ffiSOS: 
Tffl»Bii5 0±tdiJaarfit::s(tc3 0*«eifc:« 
mrh1i\h\zm?i^h.him.^^ -y ^ 5 5*>'t8-?-rv^ 
4. f-\'>'''^'2 5^i|g{c, ra^:-;^;y;^$-7°o-feX;irx 
iS7 0*»<?,^^W\*2 5rt^»A-r&!ti6<0 loJ^Lh"^ 
?L6 5 $r*-r-S>ro-feX*'X^)-iaS6 0 ^■^^"C'V^«,. 

mt. f-A'VA2 5rt<7)/rXfiOffi:»3S:$iJffllf -S/Si^tC, 
p^^-XxA 7 5 *«flEffl$*i* . Smi'XT-A 7 5 li, 

^:^^tv^s. ra-fex;<rxwi. ^-vw^2 5rt{or 

o-fex;<fxtc;S)l«x;t-;i.df •&ie-&-tl> t Ic J: -5 TX 

>^2'i\!::i5&\^xy>^hWlk^^>f^n<n-7A 9xmzi. 
'^X:i-^}V^^H-thZh^i (B^LT^v^) X'th. 
H^L7tf-vy^N*2 5{Cfc»-%-C(i, rQ-bX;yx(±. 5^ 

aS:EPi)0UTf-vy>'N'2 5l*)c7);jyxlc^jgjSxjtvUdfS: 

/u9 5fc:qjaD3fi5Sj^x;^/mf(?D/g«dBc<i, 

Wif«j50kHz*>t,*f;60MHzi-CT*O, iOASW 
C(im3.56MHzT'J)*. 

[0024]»lif-+ y^'55J±, ^«cl 1 SCio 
•C;*>''<-$iiT\<^5*\ S/j{iiM(tl 1 5l^tcS«>3i 
iilTV^SSffil 0 5S^#^T-^^S. 1 5<i. 

SHc3 0$-^A<t5^v:*V)SAit«ffil 2 0zriS-LTV^ 


Xiil 25A^'^^lfl 30$rjiL-CSAfL^®l 201*] 
cOjfil 3 5'V«*S?il, 5«£3 0i:Pmf-^-y^'5 5fc 

<o^<7js!ieK^^;si^&. ^(^1 1 5». msi 0 5 

*»t.r7Xv'\Sjg«^x;t^/U:^?ri^-&T-# ^ J: 5 (c-f 

1 0 S^WtoT^ S J: 0 lC-rSffi»i*fc LT t>&to« 
iR*»«.^roTVM.. ^«a5«l OOfiomSl 0 5J±, t 
y--K-7iSf^ ( H 1 5 ) (n^\.z\i^-<rm 

•mm^fy^n. /UTi^-ymi^ (ia2{c^-r) <7)«^(c 

«±2l3Ut.<0!g§liWCffi»SiiJt3l«o6><i,5:6. ty^?- 
y^SS <^*^ fiffi 1 0 5 {CEPSn$itl.S 
JE*^'8f«^«:mffil 0 5t>t:ti^«cl 1 5i*jlcJ^S$ 
^i. S«s3 0«O±(?)X:t.;P^i&^i./i,it/srD-feX;4f 

S#t3 0±t««U-C««c3 O^WSf-A- y ^J' 5 5<^g 
Aix^ffil 2 0t:«l#-rS»1E?l*I*%^-rS. >'nM;K 
-7f-+ y^'5 5lCi3V>TJi, iJ'-^< i: 1 200^1111 

5 0a. him^hm^mzim-rhzti.zX'yxmfi^s 
omznmmmis^^. o^sMimai 2 0 

Lt:S(*:3 0 ^i»SWtc«J#5-li:l. . ^J-r^ 
ayfcUT, ®BEagl4 5{iftffil0 5K:?5JaaPKE& 
tftJ&U, r7Xv{2S^»X;r^;U=¥$r?§fftWl-^-&-r 
ac:i:tCj:->T7-7X-7a(CX;t^;l':fS:^;i. S«t{CI^ 

[0025] fifHf-^ -y ^' 5 5 5rt!lf^$-ti-S)tJr>(c. f- 
^yM'2 5(±#fm$*i.. :*cS^J: •) tfiv^EfttcaatSn 
S. y^heyr-feyyu 1 5 5ti. 2S(ffiy7b;>C;0 
xXik 17 0 IZJ: -:.T»«f- V y 5 5 rt<7)?L 16 5 
a, b5-jlLT}^*>±»f^>it5'J7Mf>^l 60a. b 
^filx-ft^^. a,-Ky hr-A (llS^Lt:=5:<.^) *\ 2 
*30S:U7M^V1 60a, b±(CffiaL, 
7h^;5r:XAl 70*<S«530^SA*1.^M1 20± 
IcKkT^-ttS . S«£3 0 Srlfrnf-^- y 5 5 il^ffiSU 
»mf-^-y ^'<r)®fiil 0 5»i. «E»1 4 51= 

X'ixmti:3 0izMLxnMmiz/UTx$tL. m^s 
o$-ff««(c«#-r&. «£EiKi 4 5{±, mmjb^o 
OOVcOESS^i&^l 0 5fc:«fe«&^S. S«c3 Ofc» 
^^-v -y ^' 5 5 i: corac0^aSc?)SAit^ffi 12 0 rtcOjft 
13 5(=. Sl^l 3 0SraL-C^'J9i»*<«»&$<X, « 

f<s3 0 SrBfSf'A' y ^ 5 5 izmjizi^'^h , »:v%r. 

x^/U4f '^Jh.'t ro-feX;4r;?.*Jf-r v>'<2 5 rttc 
^Ar y95 5±izm^^tLX^^&mi^3 0i!)< 
Hm^tlh. jmti^mTi-^ t 'J 7 h ^ -XA 
1 7 0*<y 7 h try 1 6 0 $r±#$^T«(* 3 0 ^ 
fL^ffil 2 07Ei>f>l^*>±tt\ S«c305:arf-:y hr-A 

■tS. y^Stfyi 60S-±#$<i-*«f{C, S*305- 
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^tlcJ:ot,S«:30 Sr«mWlc-f * •/ , t 
T^-v /:7 Ztlii, ^10 5^<r>vmii:^- 

yity^-ttzm^z, 1 0 5 ^tgtfii? ii-s >! t {c ct -5 

[0026] ifm^A-y^^SS. Sy^^A-y^S 5$rf- 

tCiftHfl-fS. EI2fc5^-f idle, — tfli-f-A'-y 
^ 5 5<7)»m3W 1 0 0(±, BftESHW 1 0 0 tm^ LT 
V^|.Jg*tRt/•^(0'<.— X 1 7 5lcJ:-5T^:^$^x, t? 
matt 10 0 t'^-X 17 5 tcora<7)*®tCi:t*ioT 

7 5(±, »mSW 1 0 Ocr^Xnmm l 2 Oilc^^l^? 
SifsaigSffrSraSIS-frSf-^r^^yH SOSr-i-trCIi: 

i 0*^— =5rJfta*^'2^ff-C'^ -Sid . '<.-X 17 5 
iS:3tS!f-r5Jttf)tci«f#: 1 9 0 ^IftttS ^ i: tTt , Z 
<03d*f* 1 9 0Jif-v>->'<2 5<^T0I!I*® 5 Oil^SJo 
T . '^-X 1 7 5&W^3fcmis 19 0 (iWHE^T y ^' 
5 5Srf-A'>>'N'2 5(c«l«L. f»P5S<05f^<7)SjS2r 

[00271 

1 OOMtCfcV^TJl. »lgSW 10 0 S-3d*^ 

hfzubff^^-x 1 7 5{±. ffmgPtt 1 0 ocr>»m&^m 
^z+mzi^\.^m^m^m^:^-i•^xo^zmk^tli (-e 

(7)J: 3 ic L^rfth-tf. »mSI5tt 1 0 Oti'^-X 1 7 57&» 
Ig^'^-x 1 7 5{i. 0i|;c*f , 21JUicottiR (^1 <Ott 

t>tch . 2-><rm'^<nw^^mi. '<-x 1 7 5*^ m 
tssctt 1 0 offmm^^ib±3o%\m^zhi>^M^^ 

^^^■thiio\,zmi.^tih. »iL<<i, l51<o*r« 
5 •y^'. S2c?)«^$:^JSfcLT. J>S8ittk> 

[00281 1 -y<nf<>—'J3 ytCt>V>T(±. <— X 1 7 


mii^m&^m.'mjm.^tvz\^^£\.^i%^i<z\i^iim 

-fe 7 5 y 5' <o^H(7)ST<')itffl?L:t't+S-?E«-f & . 
JSSrf^A?^t:^v:#?l«-b7 5 /^'*'<?>^:i.<-Xl 7 5 

MhZti.zi.-iX^h^th:Lii1fiX'th. 03»±. »2« 

tca-:y»r vm^^cn^^zm- h '<-x<?)^j556«a 
cicifc. ab<i^ '^-xi 7 s^msmmL mmm 

wt^, mf^^y-zw^x-hh. muf, mnMni oo 
g'fbr/t'S-'>^*^^>^-5^mi 1 5Sr-^^-C'v^ 
2>*^icti, '<.-x 1 7 5t4. '<.-x 17 5 tmn.tm 

10 0 t«orat®§=5:U'<Jl'«»W5gfli»S^S:^S3t 
»iL 3 *>^>m5ppm/t:it:\ iow 

i L<«4*«>4*»f>*«»10p pm/X:«O^J55g^aSr*LT 

[0029l-fe7Sy :7ttJR{±. ^i'-^:< k t> mOO°C, 
J; OWt L < J±^J'^^< k t*?j600X:(?5iaStciWi. hzt 
t^X'^^, 3iiS^:-fe7 5 yi'ttm. SS^tT;U5-'> 

A^-f mtiy')^y. m.it'>oay. z.miti^v^ 

y. &t/B?'lb>'Vl-3-'>-^<=0loUJLJiS:^0. ^IVS-t 
af, St, ^rUT'rv, ^i^y. 9yif7.y-y. t.fz\i^ 

\>^mrmmx'\i. <-x 1 7 sar/i^s-'^A ( a 

1) Srj^A^-ttJtK^bxy^y (SiC) 

i&i. . ^wk\izn^h^ 7 5 y ^coflsa^i-SA^'^-ffc-rs 

k, '^-X 1 7 5<0ISiW&t;f««iSW«fttfe3g'(t-r5. 

y*>'o^i.'<.— X 1 7 3<r>^. ■^^\,znth^=y 5 -y 
^'<:Ofi|ca^fiA«^-^Sk'<>-X 1 7 5^0Sl|IS5g^^S^^l 
t;n5l5S5SSt4SSi!'^L. -:*nife<S3f*ti-«t:Si S k 

[00301 * I 


•fitJ«:;JM"e-K5i y^<0 63%SiC 66%SiC 70%SiC 

\imsim. (%) ; 

wmmmi (ppmfc) 7.9-8.1 7.2-7.7 5.7-7.0 

gl^ftg (Gpa) 249 2C« 192 

SM5^ (W/mk) I 176 I 176 I 176 


[003 1 1 WTf'^-'JB yX'ii, '<.-X 1 7 5(4, -fe 


A » 
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^c•lr^-c'«r^l>. mtimA btc^-r i: ^tc, ^-^ 1 7 

ISl<Oii|6ll»2 0 5atc:^F^TK:iilS|?*tTV^«,I^ 
l<7)-fe-yh<0^iliS2 0 0ai:. ^ 1 cOffil6jfl 2 0 5 

mzsi^^ixx\^hm2<r>-t •/ h<osmmt2 o o b t 

2it^*»^ht{±. '^-x 1 7 5*is«c3 ocofmmmt 

m<om^mzMm$nx\^?>^m»2 o o*>/^5r 
n^<r>:fTmzm\^^tix\>^h0imim2ooii. -e 

afeOlll2 0 5 ai7t{i2 0 5 b tC¥^T'5:*rSltcK?fi-r 

•s. fi!oT, mmmm2 o o ^rm-^mf^x-m^-th:^ 

|6iiciSi6]$itSfc, l^-®rtw2Ja±.<om^tl.tt*i6jtc 

i '9-Ji^tt<?)illlS5SSr#*/ia6tc, '<.-x i 7 5 
Ji, -^-coiBrt-CISftw^ifciC (Mitf, 20, 45, 

(00321 '^-X 1 7 5<02fei}5If*»»i, «-^*«M^ir 

>'W mi y h'*-^>=5:2.'^-X 1 7 5 S-JgfiSf & .r 1 1= J: 
■o-C. OOc^fatjjjgfj^gcicg^-f&iPtCg 

tizm^-r^. zziz, aji^ ^uyv yvm^^- 

m^<^mi. ^-x 1 7 5cosaB5i(*i!tA<»sa5i^ i 
0 0 <r)mi^im<r>mo%vj.pm,zs> ixo izmm-t h . 

K-X 1 7 5<0riE^{i, tHi8SI<$tt&ai«^SJt4'ifc:^t 

4 blC^r J: 5 1 7 5{i, ±ll{sl[S^S«fa 
^-^ ^ ^ 5 5cotf>-D2 2 0at|f^»2 2 5 {C*3V>TS^: 

mM^m^i:^t^ xoiz, m^izpimiznfi^x'hh 

2o«0«^i-2 10, 2 1 5*»^>^rS^fc**'e?'&. z<r> 
-'N'-v'g yfJi, '^-X 1 7 5{i, S«'J i^^^2 1 5C 
ioTKOH^iiTv^&T-f x:?2 1 0*><?>^:'9, ^ti 

Qm/Wk'Jy-/2 1 5«i^^t, fr^LTti^tc^JSSr 
ISeSg^Jt 2 0 0 $-#tf 1 7!»«-C-# S . 04 b (C^^- 


X 1 7 5 {± , Sf*c 3 0 <7)Slc W^ffi V J: 0 1^ 

t=gidia]3iiTv^siftsaa«2 0 0 ^is;tsm^mm>c>^£ 

Sx'fXJ'2 1 0$:^t-CV->|,. -r-f X:7 2 1 0(i, ^ 
g5rr#A$ -ti-zt^TLa^^e^ 'J 3 ^S<OSH^c U ^^^^ 2 1 

10 0 3 3] secSflcovN'-i'' 3 XTti, il 5 J: o 
(C, '^-X 1 7 5{i, ffiim^r -y ^' 5 5 5:f-A':^>'N'2 5 
(la^LT^rV^) «0^ffi5 0iy>:i±ii#«cl 9 0*»^>|8i 

(o^rS. Z(r)mmr>Bmzii\^x\i. 3a*(*l9 0{i, 

«.«:«>£0^r^^;P2 3 0 
A-CV^S. ^-X17 5{i, Sf«^A'-yi!'5 5i:^-v> 
>'N'2 5<0^ti5 0i:c^S, y 5 5 

S. dftti, ^A'>-A2 5<0«ffi5 0«:jit-CiOSfee3l 
^itLXmim^'h^ y ^ 5 5*>*»2Kf S«0«r«iJ^$ 
■ti:, S#:3 OS-i ^mmzmf^h. WizK-X 1 7 5 
lSi<^jKU-7-0'jy^^24 0S:fieffl-r*C:i:(CJ: 
->-C, »mf-A' y^'5 5**-e<0T<!r)^a^l9 0, iJt 

(i^^w<2 5<^m5ot<7)mzm:^xi^-mm^ 
X'th^o^zLxy-^t. ouy^^2 4oj±, amwc 

;KUXf-UV, .-KUrotfUy, TKU^a-fCh'-zP, 7/U 

yT'f^4>*i.-ctj'3, zixt>is.±xm§ii.zX'>xmm.h^ 
0 . 1 7 5(r^mmmi,n&^'^eox\ 1 7 5 

{i-HJ-CSSV^iaKHSrlfe^L, O U ^-^ 2 4 0 S:^<b$ 

it^Zt^K. O0y^240lZX'?Xmm-^'•y^5 

5 i^m^ 1 9 0 t*t L-cKSi'-zi'-r s c b t^miz 

^h. »iL<(i, <-X17 5(i, »m^^-y^5 5 

<?)SAn^ti 1 2 0 1 f-^- W<2 5<?)T®I^Si5 0 , t 

s coiz-Hi-izi&K ^BmrnH)^ <i> =5: -5 T V ^ & . 
i:'9»*L<<i, '^-Xl 7 5<±, *!>6W/mk J: 

10 0 3 4 1 05 (Cn^^^cOJ^ffiTti, '<i-X 1 7 5 

ay, M^bv'J^y, -K^bi^U^i^, &tXi!^bv/W3 
-^J>.<r)Si 9^r, -fe5$ •y^*r«TfP4>fiS. h 
aif3-r ^x5^ hti, l«j6W/inkJ:0t,lgv\?fte 
^i: , if m^-r y ^' 5 5 c^iS€<*: 1 1 5 OStJSSgfSa 
{zmiXi&^-^ms P P m/X:iO,^ffi8gf^Si: SrWLTV^ 

IC. «iv3 •y^'tC«UTSv^i^^^$•:tLrv^^. 

MzX'jxm.L, nmmzm--f?^t:tt^'t. 


I 


)01-102436 (P200 1-1 0U58 


i:^Lx\^^zt^zmtx. -iv^^ h&r/3-T-fX5 

>f MS, :L:^^)V^^^-x.htitzyo-tXi}x\,zXhi^ 
i?m{<r>m<rm^zii\ rc\i. 06 tc^-t <t 0 tc , '<.-;^ 

2 5 0 \,zi->xisnm^ 1 0 0 <.zm^. ttzim^^ti 

TV^&. &g-J12 5 0{±. Wl;t.tf. iS^Ji2 5 0C$fc 

)i2 5 o{±, 1 o o ^^-x 1 7 sicas-ts 

)cr>\,Zif^)VY<r>mi ^«fK5 fi!-?-C9>ffi^r y ^' 5 5 tc 

Ji, S«c3 0C*fc**-9T J: O^-ttSfc^S^i&^xS 
J^-^rfflfigS-W LT 0 , '<.-;^ 1 7 5 i 1 0 

2 5 0{i, «f(C, ■fe5S-y:J'SI«f*:l 1 5 5-iftf»af- 
■V •y^' 5 5cO*&{cai LV^. -?-it{±, ^SSJttl 0 0 
t'^-;^! 7 5t«ra<0*fflS:J^«L-CV^S-t:7S •y:5' 

sre* 1 1 5<^Tfli*iii2 5 23m«w^:isii!8at;wt 

« 1 0 0 k'^-X 1 7 5 fctf5fflfc;j»-'N'y -v-irf^s^lig 

[00 36] Jfi L<{i, iK^Ji2 5 0W@tt (r^?:? 

r a*«fifmg8tt 1 0 0&t/'<-x 1 7 5 (?) J: 3 tcWich 

mmm^mmmzi, -> xm.-thfmh\imx.h 
x\^himmzi. h^-^m 2 5 oittihtsztfiK'^ . 

1 0 0 i: K-X 17 5 i:<0»Jg56«R<Oll«c i 

r>x^^t&BM:fj^mu-r^zti}^X'^h. m^m2 
5 0{i. mmx\ ms:h^mu-rhztt^x'^ 1^0-7 

-■C'f^SClit-C-^S. LA'L^A''^., =M4i£0rtf JE- 


WISH*, mi^<7)r^x^RX/rx:i-txyfMzii'>xm 

®2 5 0S-Bfi!{;ri.^i:*W^L<'\ ^fc. ^^<r>f^ 

mm^:^Lx\.^h. 

10037] »it<li, ^■g-®250{i, Sl«»l 1 

5 fc'<.-x 1 7 5 bff)m<^^mp^izmm±m^mx^-^ 

SCLtlCiotf^S. 01Jt{f, i^««sl 1 5SX/^-X 
1 7 5c0^7L«-b7 5 -y ^-rttC^te^SSr^A^-ti-rje 
^^■^trzi^-^m 25 0I,ZX^X. ^?L«-«r 7 S y i^&l/ 

^ia«r)is^**»^>^:S'<.-x 1 7 5^»tiai*ri o o<^ 

^#:l 1 5l,zm'^-r&Zti}<X'^?,. mXTa-kX'P 
tcSiW^ati-tr? 5 y ^'««i:RlSL, ^-^S 2 5 0 1 

'£<7)Y-yf^i,zmt&ibCii. ^^nn^y^-y^mm 

^m^^^-Thm^m 2 5 o*«t#<?,a5 t^ti 
h . s?aa[« 100 Sr^-x 1 7 5 t^g-^-ri. 

{,zk^X. m2tcWxSlS^J12 5 0*<t#f>it 
C:cOiS-&®2 5 0(±, ^K-f K3!)<5l«Wtc-^«i-C'fc 
0 , '<-x 1 7 5 kSfSSWt 1 0 Qb<rmn^miz^i^ 

^n^^m^^^mx^'thzbi.zii ^itmim-^^m^ 

ttf-A- -y ^' 5 5 2:fl6ffl^flgtC tXLio) . 
( Q 0 3 8 ] 8i|<0A'-i;3 y-CJi. '<-X 1 7 SatJfSf 
mSS« 1 0 0 <±, a nmzj: r, rst H::fg-&Sfi^ , 
^oH^rr^Ui. -b7 5 y^'SP«i:SiJ(?)-fe5 5-y^'S5 
«^ TttiifeESW t $• , <! it ^.<^g6«<7)Mix J: 0 1 fit ^ 
mAi^i>^f:mmLX^^^S,Cib?:^.^d , lo 

v^) Sfif«gp*r 100 k'^-x 175 b<mtzUS:r 

h . r-b:yy)\,^tifinmmt 1 0 oat^'^-x 175 

?:i}smt. 1 0 oar/<-x 1 7 5coa 

aai:KJl^5S^i^T3^v^®tt<7)e-S•S 2 5 0 imm^^ith. 

m^it. T-byyju^tifznmsitii o osv^^-x i 

7 5 *an»lL-CiS-&« 2 5 0 SrJg^S-lf:!.. ^oimm 

mSPtt 10 0 atX-^-X 1 7 5 S: . 6-5 #ttffl^aA^M 
W-rswi+ii-tciSv^*^ 9f«g8«i 0 0&t;f'<-x i 
7 5 * RYt-li- ^iaK* T«o»-r s . -«wtcm^ 

(f. SfmSSff 1 0 OSl/'<-X 1 7 5 S-*«Jl80?J'S{C;b 
y:: r) T *-;600X: i tUPM u , ^ #»t $ ixTt ^^il 2 5 
0&JBflg?-eS. 
[0039] anfii^ 

*3%aSOSiJ<35ffit:'ti. SJtif-^ -y :7 5 5{±, a*3 0 S: 
tIDift-tSy'viiftt, »flSmi 0 0<7)t«1|#:l 1 5coTt:: 
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V^«,. iHimWsl 1 5«iJlllSi|l2 3 5A>^>cO^,Sri£SitS 
•e, ■?-ittc:J:-:>TS«s3 0^{*:tcJ:'5J^-5:iaK5:3a;c. 

f-A- y ^' 5 5 ^ffl<-^TaiJ«-C# 5 J: 0 1 ^v^aSTJll* 
I523 5$:»f^$-t!:S^fcA--C#S. ffi LV^Jl]SfeS2 
3 5{±, S«t3 Oc7)iajg$:'>^< i: ijmoox:tX'±^ 
^•tirScOC+^tc^v^SljtSrW-rSffifiiJl^S^ 2 5 5 

(O^-Cf^ S c: fc *»'-C# 6 . »i L < {i , StiuSPffe*^ 
2 5 5tt, «(*3 0OSfl!l^#cC*fc*<-5t:Jt«WJ^ 

^^-If^^^W^FcO J: a ^irJ^rS) S ^ t A^'T'^ S . ;!lDffetl 
«®2 6 0**fititJn»lg^ 2 5 5tc«§lfi<)(c«igSix, 

2 3 5 S . SUaioSfeS^ 2 5 5 JiWS!^^ 

S3Ei»<c>=a:'9, *lg»iS3*^'^270a. b (Jt«8W(SV^ 

la^-? 2 5 5 tCJS-^StLS ) fc: i -?-C«D^mi® 2 6 0 
JIB*«^2 6 0«. *«>500*» 

L<J±, »*^SrK«L, Sllf»S2 3 5coaj:<3$riSg 
LT««:3 0 ^im5A»*>*«j500X:tCt8lt-r5:fey>«iaK 
3>^ha-727 5S:IStt?.. 
(00 4 0] L<<i, ]!infS'«g2 3 5»i. i}f«gp«l 

0 0<?)^«c 1 1 5F«?fe:-C«^:< , 1 7 SrttCffi 

ioTS'm.'S.citA^'^v^. ::*tmu-c, aDg63g2 3 5 

i5:-t7 5-y7l^i*:l 1 StfOTl;, fiD^'<.-X 1 7 StfO 
f*3ffl!llciilSr&f: , '^-^^ 1 7 5*^JlBSi3il, 1 
7 5*«e3HcJ:-»TSI«ft:l 1 5*%-t=MR-f S<?5 
t:\ 1 5rt{CjS:^^r?SyS:*3l±^t'5r<'^<, 

i'>at*T./iJnfSlSS2 3 5»i, ^-X 1 7 5&t/f^f*:l 

1 5<?)fftS»7!>«h-N>'y^'t Lffti'^, ^IKM^ria 
S^*5Sft:3 0 <OiaS$:3fi:*:tc^-f[:$-l!:ScoS:|ift<'c?5 

«c 3 0 <oias$rfi^v^eHrt(c*tit-r -S ^ J&^r^ h . 

[00411 S«c3 Oti, »P»l52 3 5<?5»tOD»fg^ 

2 5 5 {CjDl»SSa52 6 Oi}^^i^-t^ Z t iCi -^TSD 

I'^Mi. aS^$ix/sa#:3 0<OiaJKtcMatLTa«3 
y Ko-5 2 7 5(Cj:-:.TifiS$iX, ««s3 0 ^r^SftS-T 

6oicSi-ri.ia«^T-Sf*:3o<oiag$-±#$-e&. 

7 5»i, »«^+ y^'5 5*»f>, 9 0^ 


fv:{±^-\-y>'N'2 5c^^ffi5 0'Vtf0.^gg*x$:«ii'-$-ti:S 

A'^wl'2 3 0 iMLxms^i^imm^-thztizx 

oT, ISiti'^-^ 1 7 5<r)T(^^nWl 9 OD^^m^^ 

iaga h a-7 2 7 5 tcfl^S- ill. (SAfL^ffi 1 2 
0 mzimbT2.ttifz ) f^^<r)J: 3 ^ras-t 2 8 5 

»mf-^'-y:J'5 5tt, Sf<t3 0S:, i^±10°C<7)aOTl*I, 

x'OMtK iim± 5x:coffiffli*3-c\ msij-hmiffc 

[00421 

il#{!tcl9 0«l, »S^^ y^5 55rf■■^'W^'2 5^^5i 
«-rS7t«)tC&&*>, ifct±f-+ y ^ 5 5 , ^-X 1 7 
5 , 2StT5f-v WN' 2 5 <0|g|<7D»J55SliE:^ Sr«il^$ <n 
J: 5 ^ 1 ol.Xhi7)fl?!(0«ltgSr^ L , »*: 3 0 

r 3 0 i: f-v W^' 2 5 i: <OElc^<E^fc0Jffll 

-rs. 

[0043] S1f(4tl 90<?)lOC0>'N'— i^'a V(±, f-v 
•y^'5 5, ;^1 7 5. &tXf-ir^>''<2 5cO^B55 0 

vn'-S^'h y-C-ti, 3af*l 9 OJi, ^-X 1 7 5<7)S«iJJ 

iXh. P^Wf, Sdtfrl 9 0{i, *«;2*>^>I«>27PP 
m/X:cO, St»*t<(l, J^3*>f>*«;12ppm/X:<0 
S*J39fi«S:iS:*tTl^S. ^*19 0<±, -fe^S-y 

1 oOhS-^tf. CT;c{f , '<.-X 1 7 5<7)^ 

iJ3fif*afcs^s-<ts<otcaa^:3a$«ci 9 o<±, v'Vi^ 

(*«;6 P pm/iCcOsaMSSf^aS-WLTV^^ ) 
^*tfT;l'5-'^A&t;fj^-fti^U3V (AlSiC) (*«) 

4 A»^>*f;io p p m/'c<r>mm.m^^^ l-c c ^ & ) «oa 

[00441 SiJcO>'N'-i^'3 VXM. 1 9 Otl, S 

l#f<K 1 9 0 i:'^^-;^ 1 7 5<0«iJ55g<02l*»^.56^-ti>^ 

i(Sk^^2<0i^-&«2 9 SlCioT , SfS^^r y^'5 5W 
'^-Xl 7 5lCiig^$<xT».^S. C:<?)^-&®2 9 5<>, 

2 9 5«, r/US-'^A, ffi, f'^J' 

hi^htLh. 3s.l>z, *S^®2 9 5{±, iOi^-^ffl^?- 
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75t fsmscw loot comco^miz^^-th^,-^ v t 

( 0 0 4 5 ] 07 ainm7 c ^^mt^ . ^ItfO/N'-i^'a 
y-e»± , 1 9 0(±, 9?mf-A- y :7 5 SO'^L-X 1 

7 5 S: f-r 5 <^«ffl 5 0 H^^fmizimrrh i o 

S^f - A'•y^'55Sr^vy>'^'25 CO^ffi 5 0 A><b*6i^ 

3 00^:*^■CV>S. 2iH3 00(±. OV>i^24 0CO 
J: d ^r^coffiia^av-zl-tc i , ^Sf-A- •/ :7 5 
5 Sr^ffi 5 0 tc« § hXo -HJ-^rSJKIIS: 

\\t7\^V7-o*jy'Z2 4oii^<rm^^, m^Xi^- 

■rsSil^f* 1 9 0 (±, ••/ ^' 5 5 3&»'i<?)f»e^ 

^UmfhtzubltZjfyewy'm k J: O'h? V v«MK«*$rW 
-rS. J:0»iL<{i, 3a#tt:19 0{±, S«s3 0A^*«> 
SOO'COiaJS^tCffii^^ilT v^&mw. y ^ 5 5 tf- 
WN'2 5<iO«B5 0 i:<orafc:iJ'-=5:< i: tmoO'CcOffl 

3 0 0 S-^tf . 

[0 0 4 61 EI7aS-#5!a-r'&. 2jH3 0 0»i, 

1 9 0cr)^J:»3 t.Si<«*HC/jN3V%, ^LT-eacW 

0 OH , m^f-f y 7 5 5iOSAiX^ffi 1 2 O^^stC J: 
0^— ^:iaJK*<^'i.itS J: 3 tc. ^-7. 1 7 5c7)^5rS 

tc^J: dtc, SjH3 0 0«, ffl^m^A- 5 ScO^iS 

Sid \iz.-hm<mmt^(^^£h c: t fc-cs s . »ij<of^s-c 

I27ctc:^-rj:3lc. ^P3 0 0<±, '<.-Xl 7 5 
|imf-\'^^^U*»'^=0:O, mtci-^-CSttf-v -y 5 5 
[0 0 4 7] ll7cmBg-^l,. 2iP3 0 0{4, S?H3 

xtuns 1 ob^Mtcirtf^fcA^t'^'S. ^P300i^ 

3d^«s 1 9 0 $-a UrfE»-r-l)gft<50*t.^SI:$-t*-S d i: 
3&<T# S . SiH3 0 0 rt<0;<rx<OJE:H«±, f-^ y 5 5 
fOSAil^ffi 1 2 0^f*:<?)iaSSrSS«6*)(Ci^-lCi^lt-r 

[00 48] ^Ti^gyt LT. MS tZTrrt 0 iZ ^ % 
^W- 1 9 Oti. 3S:l*Hs 1 9 0 ( -f-fLlcSflif-v y ^' 5 5 


*''^^$^^Tl^S ) 5:f-v W<2 5{c5l«-rS>tA6t;.-K 
yl'h3 2 0*^iatS.SixS3>N'-yU (ffiS) t-tzMTV 
VN- (isei) coi o5:(ftSijKS^^<0<at##flrA!B)3 1 
5$r#tr^i:*«T'#-5.. ^at^^-^if A!t«g3 1 5«±, -b^ 
S y 1 9 0Wt-5V^«MJ: 0 V^SfttJitX 
nvr^-fTV^^-STML. 4</Uh3 2 0$:SAtT.S/t:i6 
O<at£0j!lDl*U OS^T'S>S. -f^T'Jl, 9 
0«4. 01lc^-t<k-5lcSSftltUi^^^3 2 5tcJ:-5-Cf- 
•v>'/N'2 5rt(~ll^$nS. iS?f't»t'Jy^3 2 5t4, 5: 
1 9 0 at^f^-r y A 2 5 <rmm 5 0 co^SJSgiOHlc 
^-rsaiftSrilFSt, -eixt^J: o-C:3d*p«t l 9 OcOTt 
i^^ifcJiSiJix^rB&r^ 1 9 0 5 0 t<^S 

»lW(tffl^;U NIC J: -oTlSie^fLi. i:<^J: o 

-h t JS^-^ it. -tiT-tc i -? t:f?m^-v •/ ^' 5 5 Jlt^3a^ 

«£ 1 9 0 <0i8f^»ij^*«Jit^* . Wizmrmssfrmm: 

5 . 's-X 17 5, 1 9 0<7) 1 oliLli*^'^ 

L:t^ffi 3 3 0 S:#^t:-*J 0 . »#ft:>3 5:::*:^ V^ffiS 
t:*>yto-C^lil-rs i: t= J: 0 . »t6^A' y ^ 5 5 Jtt^ 
3fcl#ft:l 9 0{cjDi^SlStij!{«ji5:»33i»lgfc:«iJ^-*-S. 
[0049] 

-$^t•CV^a^l 0 5i:, ffSSUWl 0 0(c«-&SfL 
TV^-S^-Xl 7 5i:, itr>'3>'i:L-CftI^2 3 5 

[ 0 0 5 0 ] eSMM^M^ 

0 0<^^^l 1514, •fe7 5>y^'*>t«i:^ 

^S-^tf. — JSWlcm;t(f, ^<tT;P5-'>A{4, 
|SilEgi**i®< , Sf*:3 0A»/otfmf-r -y 5 5 tT'a 

*«;5. Ip P m/'C«^KJ5ifi^$-W-r«.* *J 

yi{(?5«fiBl 0 5<7)sa|©3gfMlSt;r^35t:=S^^S*«J5.5 
PPin/X:£0igU|Sl©5S(^S(?:«-U-CV^S. ttzm.itT 

-7lSit(cloV%-CAifF^ilitlgfBttS:M-r&. ismi 1 5 
{4, ( freeze ) ^a-Xt'-OT'. ttflb^, 

EE^JfiKig, l^xrU'f 'f y^^, S 7t«|^gB{cSfii l O 5 
2rffii'>ii^3t'^r 7 S -y ^'^n "/7<7m3&l>zX ->rjB«$ 
ill,. »^ L<{4, -b7 5 y^e^*5r, &^^ra-t 


I 
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^8/965.690^^CBB^Si^Tl^ST'^ •/ ^' 

( isostatic ) T\^7.^isKs. 

[0051] 1 0 0(7)mSS 1 0 5(i. ::i'^^< t 

t,*«;l500"C<?5iaK«oJ: -5 =6rSami.-5 i:*«-e# SIS 

rVTf^S, tur^yd, ttSl0 5(ci£<<^ffl$ix 
V^iKrt38W/ink<Of!ME3P$S:*L-CJ3 0. tfSgWl 

0 0 «-asf»ga$is-iS«>s . He {c^-^^<ojgsi-c 

{±, Sfiil 0 5J±, mmti^l 1 5rt{cS462.i^^;t}iv^ 
^•xi^i*>i?»=5r'9,S«s30 coj^^t^^tcflS^-T-S 

[0052] mib&ttlfz^m 105 S: WTSf?«a5« 

1 0 0 i:m&-ri>iift Lv%^rffitcj3v^-cji, y x^' 

•y^ruxii^ T'f yx^x^ •y^flEJg^N' y^^tcffi^J^- 
WSi:, T'f yx^'T"^ ■y:J'B£}gy^'■y^|^tfD«fiil 0 5 

<o;affl{cisa;^. M'y^^?:r>fyx:5'x^ •y^'ri'Xrt 

(CtfA-rS. ff^J^-vW\'|*l<7)8Sf*:-&jBffL-C-fe7 5-y 

r^yx^J'r-^ >y ^^>'< y^^(*?tc:M<c>;c.4.ixt:ir^S2£ 
l»*-fl:fniB!ia«<^)Jli^tt$-t«Jn$-a:SC:i: 
*«Mi \*imznMl 0 5$-*t-SUim(4:l 1 5*» 

fi§ 1 0 5 iSrW-rS^SSm 1 0 OSrm-rS. Kf&tC 

xrxggss'^ 1 3 0 SrSf«S5« 1 0 omzm^^^h z t 

i)tJi:^ro-bXtt'{C-fe9 5-y^'r»j7*-A[^ 

C:ttT'#i..Sf<|s30 S-ffS^ A- y ^ (CjS&^M 
tc»i^^3if:S/::46lc. »«8I5«1 0 0S-J»«L^^tc 
SA^t^ffi 1 2 0 $:l9ffi'JLt: Va^^Btcf S . 
[00 5 3] S^a^t"^:?! 4 0*^'»«f-A' y^'5 5<0 
Igfill 0 5C^$il, f-A'W<2 5l*I<^fBEigiSi8^3 
4 Ot^^mMl 0 5A.i:^5:as<. 1 4 0 

::i yr;K turxV. iJtJi-e^l^. 

cr)^$:-^0. lim^^^:?:? 1 4 0(i, UE^S^g^ 3 4 
0*»<itStg(*: 1 1 5^tt>'S1^(!|s 1 9 0(^CO?L3 5 0 $rii 
r>t:«ffi 1 0 5 1 «^WtCf^-^-ri.<7)lC-Hi-{C^< W 


S:^^Sr^-ri.a y Kif>:<±r7J?"3 4 5*>f>^S. B 
1 4 0C0f8!Om«iJt»±, 3©g'J-K, Ig^, 

[0 0 54] 06(c^-r»ilLt^l8jttCtJV%T{i. 

J:ormi0 5{rfe-&$ix-CV^5. 3|^ttjR«(4, if 

t L<«4m500X:J:0 tffiv%, J: »)ffiL<{4*<7600X: 

^X-fy> ifcli^tlh<r>-^^i:i!ts, 1 

4 0{i. Simtt?Sffl*»'r5;5^3 4 5i:«®l OStcT)^ 

{c^ALt:c:n<>srm^wtcg?i^Tirtgic-rs/i4^>{c, + 

^i-t:*:^ V^iaiKS 5 5 *«ff ^>ixS J: d 1:^3 5 0 rttcSE 
?|^^#^TV^&. ^|l!J3 5 5S:3(E«-r-l.d<Oj: 
fItt«iRt4, m^3^>^'^ 1 4 03&^-^■^^S:^XOH^•CV^ 

1 0 5 kc7)SO?£SlC^S*i|l®W(C^«Sn, ^tfJar 

t*»L^*>'^., ife®*^?0A-rSSP«3 5 5<r)gfl|5:/jN? 
<f4f:, mS^3^^';5'14 0SrJX'5H^•CV^i.•fe7 5 
•y^'«iR(09lfL^:fci|itC«iJ^$«S<0tCtftAo::fc, a 

P^i3 5 5«. m««tl 1 5rt«0?L3 6 5Cj:oTRaS$ 
iX. CC07L3 6 5(4, m^^^^^' 1 4 0^7)7-7^5^3 4 
5<r)fmX 0'h?V%IS l<:7)iSf5i: , 7-7^3 4 5**jiia 

k^WL-Cir^S. ?FL3 6 5<?5SfiaufSS2<?)ii:St:J:-9 
TH^Sit-SMTOti, i:»3;t>^';5' 1 4 03&i«flgl 0 
5 k^ttrf i.<?)5rR6<'x h yrt LT«bi:^=>, WcJ: 

r>x. •r^y3 4 5i:wmio5izmmfnzimthm 
mttMmt^m (.mzmm-Th ) i)<mxx'^hmm3 

5 5 $: -E-fi ^.cO^{cj^«-r S . iiLh<0 J: 3 tc , mS^a 

i'^i 4 o(4«fiii 0 sizmm^izam^^ti-r. iu> 

^j^®lR-C-# S^S-C-5t©$<lJtSPt3 5 5 S::ft-LT^ 

1 4 0 k^ffi 1 0 5 kcOISHC, J: 0<1«T# i>nSSM^ 

[00 5 51 ft#fcLt:, S»3^^:J'^'l 4 0(4. >!>d 
Hlf^tdimmzX^X^l 0 5fc:tg^H«liBg-tS 
dk*^'-C^&. ia8aZitX8b$:#8g-rs, ikM^Xm 
375$-, r7^3 4 5tfL3 6 5tfOW3 7 0i:<OSlC 
ES^S. iJCV^-C-. WSf-A- -y ^ 5 5&t/7-7:J^3 4 5 
:&S»A!|»3 7 5 ^©:^t$-fr-Ciai®3 5 5 i& 
^^^-ttS . AMWICJ4. f?€f-v y 5 SRX/y-y^ 
3 4 5 5: , ^^^r< 1 1 *-Jl808.^tCi^7t o T*%00"C(?)SS 

{c$(o#-rs. <jc>r^t:\ -5-ftf.$:}*aiLT^es-iaiiS3 5 
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0 tmm 0 5t<7)mz^om^ixtin^i:m^^^ 

[0 0 5 6] ^riysytLX, m6l,z^-tJ:ol,Z. 
■fkr/i- S ~^J^<r>X 3 ^-fe 7 5 y ^'tt^cO't 3 8 O tK 
l«m(*l 1 5. 90. Rt;f'<-X17 5<01o 

*ytt±-?-niJLh&iir)TWT(r>S. C:tt<o<?)«3 8 0 
(±s 14 0atf»II^Sn^^^':J'2 7 0a, 

bi&, JS^®2 5 0. 2 9 5, '^-J^l 7 5. 

«ci 9 0*»^,«SiWtctt»^S<^tcttS:-?Tv^s. c:*t 
<i><^f 380(±SI«1 30at/fU7 hfy 1 60*>'ji§ 
?Ll6 5a, bi: tS^iJL-CfcO, Sfmf-A- ;':7 5 5tf0 

iO^RSC. «3 8 0{i, ««S«J&flefflL'5:<Ttll«W 

\.z'm.m.\.zW^X^hiiO*j:^i:^LX\^h. MtL 
< 9 1 4 O&t/fflBiaSa 2 7 0 

a, b^•IX')ffl^■CV^S'g3 8 0(±. n:*.^':J'140, 

2 7 0a, b izum-r^f^m^mm/^mm^h^j:^ . i. 
o»tL<t±, »t«:JlxoH^■cv^s'i?3 8 0{±, mm 
1 30rttc. at^u^ht^TLiesa, bwtcr^x 

[00 57] ^-XCOB^ 

»^a5*ri 0 0^3dt^Sfc»<^, ^Ri&^A?-*:^:^ 

m.tMmiS.m:^^ S -y ^'rttcj^A$«-CfPS . -fe 

7 5 y ^^'r y 7 ;j- -AJ±, -fe 7 5 y r^ril 7 
mSc^^TUK^^'fli. J: a ^T%«il^1>-'f XSrW-ri. 
■fe^S ■y^S^5|5-C-f^^»fLS. -Ir^S y^^Jl^cO^J^m^ 

^\^xwzm&^fz\m!}^'^^h:L}itPx^h. wm. 
<r)im.-^^x\,mx^fih^v^-7 9^z^hx^^'^ 

#S/ii6tC, ■fe9 5 y^'i»****«K).l*»<?>*«>50jixm<r)T 

[0058] S?mgW 1 0 0 ^S1^-rS/::y>c7). Whik 
%Mdm^2 3 5^^^^•C-V^S'<^-X 1 7 SiO^N'-v-' 
ai'Ji, fi8C!raf»fR^2 5 5l&t-;UH (a^LT^: 
l^lcieaL, -fc7S y^©5|55:t-/UK(ciSy>a 
t:— ;l/h'tC:*?J48MPaA>f>t^;69iVIPa^-CiOff:^j$: 
mx.Xr*Jy*-J^^m&LXi¥?>. -fe^S yr^m^fc 

JntsE:'Hi, ^-h^'U'-T', r^T-^rux. ttz 

UT^ yXrJ'x-r •y^'TUXSrflefflLTjD;tSCi:*«T' 


l.-t7$ y^'rij7:r-ASr}g^$^|>. r-fyx:J'f- 

t/'atn:lra»3R^2 5 5-^(03;^^':J'14 0, 2 70a, 
b , <r)tzib(Ot^^ fa<E^*'XC0;ti6<03l'ir 13 0, 
2ltJfy7M:ryi 6 0<Oiti'i<^)?Ll 6 5 a, b(i, -b5 
5 -y r y 7 * -A A«5|^^*t«tcl5 -5 StClt t A , ^t" 
CO, 77^XiDX<0i3^:^<0Jnifi3&S:ttfflUT 

[005 9] *MiBry7=r-ASr^L, ^rri^aV 
<0«t(aiie*S^ 2 5 5*-'ffiift>iiiiXt:v^S-fe7 5 y 
y7:r-i.Srf^&. ilStera-feXiftc, ^^^ix^CiKx 

■cftS . t> try 7 *-Amra-fextats-&*ti3t{± 
«asr y 7 it-j^nfimmzsm^ti. mm<^j: a ^rxfx 

S:gEL.^*^f.t«)300A-(^$5jl200*CcOiajK*-C«9)o< *)t 

[00 6 0 ] -^-Xl 7 55rJg^-r^lB 2 iOXx-yr 
«, J^ATo-feXi&#tf. Bfa<^^?lJKat^ilfflfL-9-'fX 

^mt:-^y S. "/^<r>4i^ )^tfzUm.f^izi^X^ith. 
^A{±, Wi-tf, iaUil^R«r-fe5 5«y^'k«ftlH*:L4r>, 
ioT-fe^ 5 y ^offl5«igfefa?Li*3t:i#A$ 

BE:bS§g(*)T-S:>j^Ara-fcXS:fiOTLTa^?f-r5. CI 
<7):fr*t'{i , ^ffltc^JSSriaS L^cHr 7 S -y :7 Sr£E:^J^ 
fsl^JlCiSSL, SSS:#f^L, jDffeLT-fe7 5 •y^(^iffl 

5 •y^at^•e^t$•JR^3H^T-^^S:&JB$•, iPT^^-^hK 

^^meomm^izum-r^i^txamfti. mm^ 

IIS'E:>J<^TlcJI:^«Srt'\«ALr, -fe^S-y^rtcO 

mnrnz-kXcOTf.^ F, SP, at;f«i?L5r3'E«$-tf-S. 
-b7S •y^'*5*^j30%cO^7lJSS-q^-rS^^ti^y 

«0;»A»±, ffi:»3SSi&««Jl030k P a (150p s i ) (c*t 
}#L, *«;180mci:»toT?aS5ril^^:< tt600X:iC*il# 

[006 1 1 i^S(nmm 

d:\'^X\ iaiLTtr^Aro-fextcJroT'^-xi 7 5$- 
n^mtl 0 0<?)-fc7 5 y^'^f*l 1 5tZi^-&i-|.. 
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SS«5S-*%90k P a ( lOOp s i ) *»<^iSs*jl380k P a 
(200PS i ) tX'cr>Bi:f}iz!mL. mM±m^'J'-^j:< 

f*:l 1 5bK^L. »mifK«l OOt^-XlTSfcco 

stc^ssi^^i 2 5 0 SrjBfig-r-s . mx<r>m, r-^> 
xm^m2 5 otm^^ith, ^mmt i o o t'^-^^ 

«5>io*»^>*«;io(rc/^ei<oa[ST-}^a] 

[ 0 0 6 2 J ft»:fir^{=tJV^T*i, '^-X 1 7 5*i*- 
z<r):fjmzt5\.^xii. mil o 5^^s»SgP«i o 

M>±iz§isth, mfjm^^^izm%Lt:miz. mi» 

7 5 ki^fc:, -^-j^ 17 5 ttmsm 1 0 

[0063] m<omii&(^mmizt5\,\xii, 1 9 o 

tf^Ara-fextcJ:-5T'<.--;^ 1 7 5<0T«mBt:lS^ 

Sti-S. B?r^L;tJ:dtc, 3£Jf^l 9 0(±. '<-Xl 7 

A, tfCO, iJtli^^'fxi^^dtci-r^-Xl 7 5 

i^izm^^tx-h. mm. mi ci,z7fmtftL^^mm<r> 

<02oO>t*»^,mSnS. h yrSWl 90aJi, 1^ 
Sffip3 00i:,S}H3O05- 
*>'N'— rSTffl!l« 1 9 0 b k i:^-ti>^Pim^(i>^&. 

^yi^3>tLx, TmRi 90b t, ^msoo^m 

<K«Xrx$rttl&-f5fe«><0;yxAO3 10a. 2Slt^ffi}H 
3 0 0A»<c>f*fE^;^'xSrgf^t- •S.^v:46c^;«fxa5n3 1 0 

himfhXo izmx-r?> c: t **-c*§ s . 3 o o 
xTFrnmrn^ . 1 9 0 tfo^sas 1 s o >- 

0 S"^-X 1 7 5 1 9 0 

-XI 7 5i:<OSJ=5SV\ HWWtcdf-f H«ilV^J$-&® 
2 9 5 t:i¥^t^MZimxS> h . jf^A^^irTlRISffltl. 


1 9 0 k f-v N' 2 5 <35Tlil^ffi 5 0 i: iO^sOS 

^n^-tuirmnbhtzMz^mx-hs,. mm. 3d#«Ki 

9 0{imKa<JlC#mHC?fL, WfflSm-*''!** Six's.. 
Si^flsl 9 0*i^iS*-^>^& J: o^llSa<7)Jg®(7)i^lc 
3d^«sl9 0c7)Sai*BJ±. x^^/U:^$r-^;cf>ix^c 
•rt3-tx^xizXhr^^tfclimiii:^^itttiibiz 

!mt?>*\ ifziih^ttmx'mm-rhztt)<x'^h. 
*\ ttMmnzxru-^titiT/i'^i-TWSi-rhz 

tt^X'^h. 

C 0 0 6 4 1 aT<7)mi,i. tf«f-v •/ ^' 5 5 , 'v-X 1 
7 5, m/^i^l 9 OSrJgjSrS^ctotC, i^^li^^ 

a 2 5 0 (c i -cwsam 1 0 0 i&'^.-x 1 7 5 fcts-^ 

■r?>tzi!bizfm-r?>zbi)<v^^^^^\'^^^j:^m<^m-^ 

f-A- -y 5 5<7)-^i:mm'?>fzif)iZX^-/l'y^>^^ 
fLTtJO, *%BBc7)f^XTn-feXl=J:-:.Ti^^$*l^S 

Jpfti, r;US::i'>A<0<td^la!JiH^:^«S:j#A?^n:K 

^;?UK<o««-c-fco7t. r^ArQ-fex-ftc, mo30kP 

a (150p s i ) <r)S.:fJiZt}iS.^tL. *<j600°C(30jaK(CjlI 
[006 51 0!llJ!»^9lCi3V>t:i4. IS^^ilfclifiife^ 

~Tiiycomm<r>^mmiytiyT^/\^j<-^ ^:mm tx 
m&L. s.\^i,zis^^ivrz2->com^j:hmn<^mm<D 
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ELECTROSTATIC CHUCK AND METHOD 
BAGKG=^OUND 

The present Invention relates to an electrostatic chuck for holding a 
substrate In a chamber. 

Electrostatic chucks, which use electrostatic attraction forces to hold a 
subotratc, hovs aeverel advontagca over mechanical and vacuuTTi chucks. For 
example, electrostatic chucks reduce stress-induced cracks caused bv mechanical 
clamps, allow processing of a larger portion of the substrate, and can be used in 
processes conducted at low pressures. A t/picel electrostatic chuck comprises an 
electrode covered by a cieleccric. When the electrode is elactricaify charged, an 
opposing electrostotic charge accumulates ii the substrate and the resultant 
electrostatic force holds the substrate urilo Che electrostaTlc chuck. Once the 
substrate is firmly held on ihe chuck, a plasma of gas IS used to process the 
substrate. 

Certain newly daveloped plasma processes for the fabrication of 
integ-ated circuits are often performed at high temperatures and In highly erosi\ie 
gases. For example, processes for etching copper or platinum are conducted at 
temperstures of from 250 to 600*0, compared to temperatures of 1 00 to 200°C for 
etching aluminum. The high Temperatures and erosive gases thermally degrade the 
materials used to fabricate the chucks. Tha high temperature requirement is nnet by 
oeromic materials, such as aluminum oxice CAIgO,) or alumlnirm nitride (AIN). 
However, it is difficult to attach tha ceramic chuck to chamber components which are 
Typically made from metal because the difference in thermal expansion coefficients of 
the caramic and metal can result in thermal and mechanical stresses that can ceuse 
the ceramic to fracture or chip. It is desirabie to have a systam for fastening a 
ceramic chuck to a chamber without causing excessive thermal stresses between the 
chuck and the chamber. 

in addition, the newly developed processes often require the substrate 
on tha electrostatic chuck to bo heated to temperatures higher than those provided by 
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the heat load of the plasma. The high temperatures can be obtain d by using a 
heater, for example, the substrate can be heated by infrared radiation from heat lamps 
provided outside the chamber. However, it Is difficult to pass infrared radiation 
through the aluminum oxide or metal walls of the chamber. In another approach, as 
described in U.S. Patent No. 5, 280 J 56, the electrostatic chuck comprises a ceramic 
dielectric having both the electrode and the heater embedded therein. However, 
operating the embedded heater at high power levels can cause the ceramic dielectric 
covering the electrode to microcrack from the thermal stresses generated by 
differences in thermal expansion between the ceramic, electrode, and heater. Thus, 
there is a need for an electrostatic chuck that can be heated to high temperatures 
without damaging the chuck. 

In certain processes, it is also desirable to rapidly coof the substrate in 
order to maintain the substrate in a narrow range of temperatures, aspecrafly for 
etching interconnect lines that have very small -dimensions and are positioned close 
together. However, temperature fluctuations occur in high power plasmas due to 
variations in the coupling of RF energy and plasma ion densities across the substrate. 
These temperature fluctuations can cause rapid increases or decreases in the 
temperature of the substrate. Also, variations in heat transfer rates between the 
substrate and chuck can arise from the non-uniform thermal impedances of the 
interfaces between the substrate, chuck, and chamber. Thus, it is desirable to have 
an electrostatic chuck that can rapidly cool the substrate to more closely control the 
temperature of the substrate. 

Another problem that frequently arises with conventional electrostatic 
chucks is the difficulty in forming a secure electrical connection between the electrode 
of the electrostatic chuck and an electrical connector that conducts a voltage to the 
electrode from a terminal in the chamber. Conventional electrical connectors have 
spring biased contacts which can oxidize and form poor electrical connections to the 
electrode. Moreover, electrical connections formed by soldering or brazing the 
electrical connector to the electrode often result in weak joints that can break from 
thermal or mechanical etreeees. Thus, it is desirable to have an electrostatic chuck 
with a secure and reliable electrical connection between the electrode and electrical 
connector. 
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Yet anoThfir prnhlem frequently arieoG from tho vacuum acol between Uie 
eiectro$tatic chuck and the surface of the chamber, especially for high temperature 
processes- TypicaHy, fluid, gas. and electrical lines extend to the electrostatic chuck 
through vacuum sealed feedthroughs in the chamber. In conventional chambers, the 
feedthroughs are vacuum sealed by polymer O-rings that are positioned In grooves 
extending around their circumference. However, the polymer 0-rings often lose their 
compliance and resilience at high temperatures making it difficult to maintain the 
integrity of the vacuum seal. 

Accordingly, there is a need for an electrostatic chuck that can be 
operated at high temperatures without excessive thermal or mechanical degradation. 
There is also a need for an electrastailc chuck that can heat the substrate to higher 
temperatures than those provided by the heat load of the plasma. There is also a 
need for an electrostatic chuck having a uniform and low thermal impedance to 
transfer heat to and from the substrate to allow, rapidly heating or coaling of the 
substrate. There is a further need for an electrostatic chuck having a secure and 
reliable connection between its electrode and electrical connector. There is also a 
need for degradation resistant vacuum seal between the electrostatic chuck and 
chamber. 

SUMMARY 

The present invention relates to an electrostatic chuck for holding a 
substrate that satisfies those needs. One version of the electrostatic chuck comprises 
an electrostatic member comprising a dielectric covering an electrode that is 
chargeable to electrostatically hold the substrate. A base below the electrostatic 
member comprises a plurality of materials, and more preferably a composite of the 
materials. The electrostatic chuck is useful for holding a substrate In a chamber 
comprising a gas distributor, a gas energizer, and an exhaust. A substrate held on the 
chuck is processed by process gas distributed by the gas distributor, the process gas 
being energized by the gaS energtzer, and exhausted by tho exhaust. 

Another version of the electrostatic chuck comprises an electrostatic 
member and a base bonded to the electrostatic member by a bond layer, such as a 
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layer of metal. The electrostatic chuck can also include a support bonded to the base, 
preferably, also by a metal layer. The electrostatic chuck is fabricated by forming tha 
electrostatic member, forming a base comprising a plurality of materials, bonding the 
base to the electrostatic member, and optionally, forming a support and bonding the 
support to the base. The bond layer provides a consistent thermal impedance that 
allows more uniform heating and cooling of the substrate held on the chuck. 

In another version, the electrostatic chuck comprises an electrostatic 
member and a base below the electrostatic member, the base comprising a Thermally 
insulating material and the base having a coefficient of thermal expansion within 
about ±30% of a coefficient of thermal expansion of the electrostatic member. 
Preferably, the base comprises a ceramic member comprising, for example, cordierite 
ormullite. 

In another aspect, the present invention comprises an electrostatic chuck 
comprising an electrostatic member on a base comprising carbon fibers. Preferably, 
the carbon fibers are oriented in different directions such that the base has a 
coefficient of thermal expansion which is substantially isotropic in a plane. The 
electrostatic chuck is fabricated by forming the electrostatic member, forming a base 
compdang carbon fibers, and bonding the base to the electrostatic member. 

In one aspect, the present Invention comprises an electrostatic chuck 
comprising a dielectric covering an electrode that is chargeable to electrostatically 
hold the substrate. An electrical connector is connected to the electrode to conduct 
an electrical charge to the electrode. The electrical connector comprises a refractory 
metal having a melting temperature of at least about 1 BOO^C* 

In another version , the present invention is to an electrostatic chuck 
comprising a dielectric covering an electrode that is chargeable to electrostatically 
hold the substrate, and an electrical connector electrically connected to the electrode, 
the electrical connector extending through a bore in the dielectric, and the bore 
comprising a first diameter smaller than a diameter of the electrical connector and a 
second diameter larger than the diameter of the electrical connector. 
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In one version of the present inv/ention. the electrostatic chuck 
comprises an electrostatic member comprising a dielectric having a surface adapted to 
receive the substrate, the dielectric covering an electrode that Is chargeable to 
electrostatically hold the substrate. A support below the electrostatic member 
comprises a cavity adapted to hold a gas to provide a predetermined temperature 
profile across the substrate. 

Another version of the present invention comprises an electrostatic 
chuck for holding a substrate in a chamber* the electrostatic chuck comprising an 
electrostatic member comprising dielectric having a surface adapted to receive the 
substrate, the dielectric covering an electrode that is chargeable to electrostatically 
hold the substrate. A heater below the electrostatic member, comprises a resistive 
heating element having a resistance sufficiently high to be able to raise the 
temperature of the substrate by at least about 100°C. A support also below the 
electrostatic member, comprises a cavity that is' shaped and sized to hold a gas to 
provide a temperature drop of at least about lOO^C between the electrostatic member 
and a surface of the chamber. 

In one embodiment of the present invention, the electrostatic chuck 
comprises an electrostatic member comprising a dielectric covering an electrode that 
is chargeable to electrostatically hold the substrate. A base below the electrostatic 
member comprises a heater. Preferably, the base comprises a composite of a plurality 
of materials. 

The present invention further teaches. a method for fabricating an 
electrostatic chuck for holding a substrate. The method comprises the steps of 
forming a dielectric covering an electrode that is. chargeable to electrostatically hold 
the substrate, the dielectric having a hole exposing a portion of the electrode; holding 
an electrical connector in the hole of the electrostatic chuck to form a gap between 
the electrical connector and the electrode; and infiltrating a conducting liquid into the 
gap between the electrical connector and the electrode and solidifying the conducting 
liquid to electrically connect the electrical connector to the electrode. 


ft * 
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In another version, the m thod comprises the steps of forming an 
electroatatic member comprising diefectric covering an electrode that is chargeable to 
electrostatically hold the substrate; forming a porous preform having a hole therein; 
holding the electrostatic member against the porous preform and passing an electrical 
connector through the hole of the porous preform to form a gap between the electrical 
connector and the electrode; and infiltrating a liquid into the porous preform and into 
the gap between the electrical connector and the electrode and solidifying the liquid. 

In another aspect, the present Invention comprises a method of 
processing a substrate in a chamber, the method comprising steps of placing the 
substrate on an electrostatic member in the chamber; forming a base comprising a 
heater, the base having a surface that can be joined to the electrostatic member. 

In another aspect, the present Invention comprises a method of 
processing a substrate in a chamber, the method comprising steps of placing the 
substrate on an electrostatic member in the chamber; heating the substrate by 
powering the heater below the electrostatic member; providing a gas in a cavity in a 
supp>ort below the electrostatic member; and providing an energized process gas in 
the chamber to process the substrate. 

DRAWINGS 

These features, aspects, and advantages of the present invention will 
become better understood with regard to the following description, appended claims, 
and accompanying drawings which illustrate examples of the Invention, where: 

Figure 1 is a schematic sectional side view of e chamber showing an 
electrostatic chuck according to the present invention; 

Figure 2 Is a schematic sectional side view of an electrostatic chuck 
having a base comprising channels for circulating heat transfer fluid; 

Rgure 3 is a graph showing the change in the coefficient of thermal 
expansion of a base for increasing volume fraction of ceramic in the base; 
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Figure 4a Is a schematic sectional side view of an electrostatic chuck 
comprising a base comprising two components, namely a central disk and an annular 
ring; 

Figure 4b is a schematic top plan view of the base of Figure 4a showing 
the central disk having carbon fibers oriented In at least two orthogonal directions; 

Figure 5 is a schematic sectional side view of an electrostatic member, a 
base, and a support having channels for circulating heat transfer fluid; 

Figure 6 is a schematic sectional side view of another version of an 
electrostatic chuck; 

Figure 7a is a schematic sectional side view of an electrostatic member, 
a base, and a support comprising a cavity that thermally isolates the base from a 
surface of a chamber; 

Figure 7b is a schematic sectional side view of another embodiment of 
the support comprising a cavity, having a trapezoidal cross-section; 

Figure 7c is a schematic sectional side view of yet another embodiment 
cf the support comprising a channel having a rectangular cross-section, a gas inlet for 
supplying gas to the channel, and a gas outlet for removing gas from the channel; 

Figure 8a is a schematic sectional side view of a portion of an 
electrostatic chuck showing an electrode, electrical connector, and a disc of 
conducting meiterial therebetween; and 

Figure 8b shows the electrostatic chuck of Figure 8a after the disc of 
conducting materia! being melted and cooled to electrically connect the electrode to 
the electrical connector. 
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DESCRIPTION 

An exemplary chamber 25 for processing a substrate 30, such as a 
semiconductor wafer, is illustrated in Figure 1. The chamber 25 comprises a ceiling 
35 « side walls 40. and a lower surface 50 on which rests an electrostatic chuck 55 
that is used to securely hold the substrate 30 during processing. The chamber 25 
further comprises a process gas distributor 60 having one or more holes 65 for 
introducing process gas from a process gas supply 70 into the chamber 25. An 
exhaust system 75 is used to exhaust spent gas and gaseous byproducts from the 
chamber 25 and to control the pressure of gas in the chamber 25. The exhaust 
system 75 typically comprises an exhaust conduit having a throttle valve 80« and a 
plurality of pumps 85 such as roughing pumps and turbomolecufar pumps. The 
process gas is energized by coupling RF energy to the process gas in the chamber 25 
(as shown) or the process gas can be energized by microwaves in a remote chamber 
adjacent to the chamber 25 (not shown). In the exemplary chamber 25, the process 
gas is energized to form a plasma by applying an RF current to an Inductor coil 95 
adjacent to the ceiling 35 to inductively couple RF energy to the gas in the chamber 
25. The frequency of the RF energy applied to the inductor coil 95 is typically from 
about 50 KHz to about 60 MHz, and more typically about 13.56 MHz. 

The electrostatic .chuck 55 Includes an electrostatic member 100 
comprising an electrode 105 covered by or embedded in a dielectric 115, and having 
a receiving surface 1 20 for receiving the substrate 30. A heat transfer gas, typically 
helium, is supplied from a heat transfer gas supply 125 and through a conduit 130 to 
grooves 135 in the receiving surface 120 to enhance heat transfer rates between the 
substrate 30 and the electrostatic chuck 55. The dielectric 1 15 comprises a material 
that allows RF energy to be coupled from the electrode 105 to the plasma, and that 
also serves as an insulator that allows o OC vottege applied to the electrode 105 to 
electrostatically hold the substrate 30. The electrode 1 05 of the electrostatic member 
100 comprises a single electrical conductor far monopolar operation (as shown in 
Figure 1) or two more electrically isolated conductors for bipolar operation (as shown 
in Figure 2). In a monopolar chuck 55, a voltage applied to the electrode 105 causes 
electrostatic charges to accumulate in the electrode 105 or in the dielectric 115. 
Energized process gas above the substrate 30 provides electrically charged species 
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having opposing polarity which accumulate in the substrate 30 resulting in an 
attractive electrostatic forces that holds the substrate 30 to the receiving surface 1 20 
of the electrostatic chuck 55. fn a bipolar chuck 55, at least two electrodes 1 05a, b 
are maintained at different electric potentials, thereby inducing electrostatic charges in 
the substrate 30 that hold it to the receiving surface 1 20. An electrical connector 
140 electrically connects the electrode 105 to a voltage supply 145 to provide desired 
voltage to the electrode 105 to electrostatically hold the substrate 30. Optionally, the 
voltage supply 1 45 also provides an RF voltage to the electrode 1 05 to energize and 
accelerate the plasma species toward the substrate 30 by capacittvely coupling of RF 
energy to the plasma. 

To operate the electrostatic chuck 55, the chamber 25 is evacuated and 
maintained at a sub-atmospheric pressure. A lift pin assembly 155 comprises lift pins 
160a,b that are elevated through holes 165a,b in the electrostatic chuck 55 by a 
pneumatic lift mechanism 170. A robot arm (not shown) places the substrate 30 on 
the lift pins 160a,h, and the pneumatic lift mechanism 1 70 lowers the substrate 30 
onto the receiving surface 120. After the substrate 30 is placed on the electrostatic 
chuck 55, the electrode .105 of the electrostatic chuck is electrically biased with 
respect to the substrate 30 by the voltage supply 145 to electrostatically hold the 
substrate 30. The voltage supply 145 provides a DC voltaga of about 1000 to 3000 
volts to the electrode 105. Helium, Is supplied through the conduits 130 to grooves 
135 ifi the receiving surface 120 at the interface between the substrate 30 and the 
electrostatic chuck 55 to thermally couple the substrate 30 to the electrostatic chuck 
55. Thereafter, an energized process gas is provided in the chamber 25 to process 
the substrate 30 held on the substrate. On completion of the process, the pneumatic 
lift mechanism 1 70 raises the lift pins 160 to raise the substrate 30 off the receiving 
surface 1 20, allowing the substrate 30 to be removed by the robotic arm (not 
shown). Before raising the lift pins 160, the substrate 30 is electrically decoupled or 
de-chucked by dissipating the residual electrical charges holding the substrate 30 to 
the electrostatic chuck 55. This is accomplished, after the voltage to the electrode 
105 is turned off, by grounding the electrode 105 or maintaining a plasma at another 
power level to provide a path to electrical ground for the electrostatic charges 
accumulated in the substrate 30. 


(81) )01-102436 (P2 00 1-10U58 


10 

Particular aspects of the electrostatic chuck 55 and the system f r 
supporting and holding the chuck 65 in the chembcr 25 will now be described. As 
shown in Figure 2, generally, the electrostatic member 100 of the electrostatic chuck 
55 is supported by a base 175 that is shaped and sized to match the electrostatic 
member 100 to promote efficient heat transfer across the interfaces therebetween. 
The base 1 75 can comprise channels 1 80 through which heat transfer fluid is 
circulated to raise or lower the temperature of a substrate 30 held on the receiving 
surface 120 of the electrostatic member 100, This enables the temperature of the 
substrate to be precisely controlled to provide more uniform processing. A support 
190 can also be provided to support the base 175. and the support 190 rests on the 
surface 50 of the chamber 25. The base 175 and the support 190 secure the 
electrostatic chuck 55 to the chamber 25, provide reduced levels of thermal 
expansion mismatch, and provide more uniform heat transfer rates across the 
interfaces therebetween. 

Base 

In one aspect of the present invention, the base 175 for supporting the 
electrostatic member 100 Is fabricated to have a coefficient of thermal e>tfpan$ion that 
is sufficiently close to that of the electrostatic member 100 to reduce thermal 
expansion stresses that would otherwise cause the electrostatic member 100 to 
separate from the base 175. In this version, the base 1 75 comprises a composite 
material ha\4ng a tailored coefficient of thermal expansion. The composite base 
1 75 is composed of a plurality of materials, for example, a mixture of two or more 
materials, including a first material and a second material, the volume fraction of the 
two materials being selected so that the base 175 has a coefficient of thermal 
expansion that is within about ±30% of a coefficient of thermal expansion of the 
electrostatic member 100. Preferably, the first material is a ceramic and the second 
material is a metal to provide a composite material having some ductility and 
increased fracture roughness. 

In one version, the base 1 75 comprises a porous ceramic Infiltrated with 
molten metal. The metal fills all the pores In the ceramic when they are open and 
interconnected to one another, or only some of the pores at the surface of the porous 
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ceramic, when the pores are not interconnected Throughout the structure. The 
coefficient of thernr>al expansion of a base 175 comprising a porous ceramic infiltrated 
with a molten metal.is tailored by varying the volume fraction of the ceramic to the 
nnetal. Rgure 3 shows the change in the coefficient of thermal expansion of the base 
1 75 for increasing volume fraction of cerannic based on the formula 
a, = (a„V.,E„+a,V,E,)/(V„E„ + V,E,), 

where is the CTE for the base 175, 

Ofm' and E„, respectively, are the CTE, volume fraction, and Young's 

modulus for the metal, and 
V^, and E^, respectively, are the CTE, volume fraction, and Young's 

modufus for the ceramic material. 
For example, when the electrostatic member 100 comprises dielectric 1 15 composed 
of 'aluminum nitride, preferably, the base 175 comprises a coefficient of thermal 
expansion of from about 3 to about 15 ppm/**C, and more preferably from about 4 to 
about 10 ppmrc, to provide a suitable level of .CTE matching between the base 
175 and the electrostatic member 100. 

The ceramic material is capable of withstanding temperatures of at least 
about 400**C and more preferably at least about 600**C. Suitable ceramic materials 
include one or more of aluminum oxide, aluminum nitride, boron carbide, carbon, 
cordierite, mullite, silicon carbide, silicon nitride, silicon dioxide and zirconium oxide. 
Suitable metal$ for infiltrating the porous ceramic include aluminum, copper, iron, 
molybdenum, titanium, tungsten or alloys thereof. The porous ceramic preferably 
comprises a pore volume of from about 20 to about 80 voiume% to provide a 
sufficiently large volume for metal infiltration. In a preferred embodiment, the base 
175 comprises silicon carbide (SiC) infiltrated with aluminum (Al), the volume fraction 
of the ceramic to the metal being from about 20 to about 80 volume%. As the 
volume fraction of ceramic to metal changes, so does the thermal and mechanical 
properties of the base 1 75. For example, referring to Table I, it is seen that for a base 
175 comprising a silicon carbide infiltrated by aluminum, the coefficient of thermal 
expansion and tensile strength of the base 175 decreases as the volunie fraction of 
ceramic to metal increases, while the thermal conductivity remains constant. 
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TABLE I 


VOLUME FRACTION OF CERAMIC 
TO METAL (%) 

63% SiC 

65% SIC 

70% SiC 

CTE (ppm/*C) 

7.9-8.1 

7.2-7.7 

5.7-7.0 

TENSILE STRENGTH (GPa) 

249 

205 

192 

THERMAL CONDUCTIVITY |W/mk| 

175 

175 

175 


In another version, the base 175 further comprises carbon fibers 200 
that are oriented to provide a coefficient of thermal expansion that matches that of 
the ceramic dielectric 115. For example, as shown in Figure 4b, the base 175 can 
comprise a first set of carbon fibers 20Ga oriented parallel to a first axis of orientation 
205a, and a second set of carbon fibers 200b oriented parallel to a second axis of 
orientation 205b that is at an angle (J) with respect to the first axis of orientation 
205a. Preferably, the orientation and volume fraction of carbon fibers 200 are 
selected so that the base 175 has a coefficient of thermal expansion that Is 
substantially isotropic in the same plane as that of the processing surface of the 
substrate 30 to minimize thermal expansion stresses on the electrostatic member 100. 
More preferably, the base 175 comprises carbon fibers 200 that are oriented In a 
plurality of orthogonal directions. The carbon fibers 200 oriented in a particular 
direction expand in the direction parallel to their axis 205a or 205b. Thus, orienting 
the carbon fibers 200 in orthogonal directions within a single plane tends to 
substantially equalize their thermal expansion in two or more different axial directions 
within the same plane to provide a more uniform coefficient of thermal expension 
within tha plane. In addition, the base 1 75 can comprise carbon fibers 200 oriented 
in a plurality of directions within the single plane - for example, at 20, 45, or 60* 
intervals - to provide an even more anisotropic thermal expansion within the plane. 

The coefficient of thermal expension pf the base 1 75 can be further 
tailored to match that of the electrostatic member 100 by forming a base 1 75 
comprising a hybrid or plurality of component members that each have a different 
coefficient of thermal expansion. The overall coefficient of thermal expansion of the 
base 175 depends on the expansion coefficient of the individual component members 
and on their linear dimensions, = (a, D, + (Dj - D,))/D2. 
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where is the overall coefficient of thermal expansion of the hybrid composite 
base, 

a, and are CTEs of individual component members, and 
D, and Djare linear dimensions of individual component members. 
Preferably, the ratio of the linear dimensions of the component members are selected 
so that the coefficient of thermal expansion of the base 175 is within about ±30% of 
the CTE of the electrostatic member 1 00. The components of the base 1 75 are 
shaped and sized to cooperate to achieve multifunctional properties. For example, as 
shown in Rgures A-a and 4b, the base 175 can comprise two components 210, 215 
having circular symmetry to one another to provide different coefficients of thermal 
expansion at the center 220 and peripheral edge 225 of the overlying electrostatic 
chuck 55. In this version, the base 175 comprises a disk 210 surrounded by an 
annular ring 21 5, each having a different average coefficient of thermal expansion. 
Both the disk 210 and the annular ring 21 5 are made up of a porous ceramic 
Infiltrated with metal as described above. However, the volume fraction of the 
ceramic to metal is different in each, and one or more can comprise carbon fibers 200 
in differing volume fractions. Figure 4b shows a base 175 having a disk 210 
comprising a composite material containing carbon fibers 200 that are oriented in at 
least two orthogonal directions to provide a more uniform expansion coefficient in a 
plane parallel to the plane of the substrate 30. The disk 210 is surrounded by an 
annular ring 215 made of porous silicon carbide infiltrated with metal. 

In still another version, shown in Figure 5, the base 1 75 comprises a 
thermally insulating material such as a ceramic member that thermally insulates the 
electrostatic chuck 55 from the surface 50 of the chamber 25 (not shown) or the 
support 190. In this embodiment, the support 190 further comprises channels 230 
for circulating heat transfer fluid therethrough. The base 175 serves as an interposer 
member lying between the electrostatic chuck 55 and the surface 50 of the chamber 
25 or between the electrostatic chuck 55 and the support 190. This reduces the heat 
escaping from the electrostatic chuck 55 via heat conduction through the surface 50 
of the chamber 25 to maintain the substrate 30 at higher temperatures. In addition, 
the base 1 75 enables the electrostatic chuck 55 to form a gas tight seal with an 
underlying support 190 or surface 50 of the chamber 25 by use of a conventional 
polymer Orlng 24-0. The O-ring 240 is typically made from a polymer, such as 
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polyethylene, polyurethane, polycarbonate, polystyrene, nylon, polypropylene, 
polyvinylchloride, fluoroethylena polymers, or silicone, all of which are susceptible to 
damage by high temperatures. For example, temperatures of over 200*C can cause a 
polyimlde O-ring to lose its resilience and its ability to form a seal. Because of its low 
thermal conductivity, the base 175 provides a temperature differential sufficient high 
to enable the electrostatic chuck 55 to be vacuum sealed to the support 190 by an 
O-ring 240 without degradation of the O-ring. Preferably, the base 1 75 comprises a 
thermal conductivity sufficierrtly low to provide a temperature differential of at least 
about lOCC between the receiving surface 1 20 of the electrostatic chuck 55 and the 
bottom surface 50 of the chamber 25 or the support 1 90. More preferably, the base 
175 comprises a thermal conductivity of less than about 6 W/mK. 

In the embodiment shown in Figure 5, the base 175 is made from a 
ceramic material, such as for example, aluminum oxide, aluminum nitride, boron 
carbide, carbon, cordierite, muliite, silicon carbide, silicon nitride, silicon dioxide and 
zirconium oxide. Of these muliite and cordierite are preferred, because they have 
thermal conductivities of less than about 6 W/mK and coefficients of thermal 
e^tpansion of about 5 ppm/^C which is very close to that of the dielectric 1 1 5 of the 
electrostatic chuck 55. Both muliite and cordierite also have a high resistance to 
thermal shock. Thermal shock results from the thermal stress caused by rapid heating 
and cooling and it can cause microcracks to occur in a material which lead to 
structural failure. Thus, a high resistance to failure from thermal shock is desirable for 
a base 175 that is alternately heated and cooled by the support 190. In addition to 
having a high resistance to thermal shock, both muliite and cordierite have a high 
resistance to erosion by energized process gases making them useful in processes 
using reactive process gases, such as fluorine. 

Bond Layer 

In another aspect of the present invention, the base 175 is bonded or 
joined to the electrostatic member 100 by a bond layer 250 made from a material 
having high thermal conductivity, as Illustrated In Figure 6. The bond layer 250 can 
comprise, for example a metal, such as aluminum, copper, iron, molybdenum, 
titanium, tungsten or alloys thereof, to provide more uniform heat transfer rates 
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across the bond layer 250 which Is desirable to provide more uniform processing. 
The bond layer 250 eliminates use of bolts for securing the electrostatic member 100 
to the base 175 and consequently reduces mechanical stresses on the electrostatic 
chuck 55. Also, the bond layer 250 has a homogeneous composition that provides 
more uniform heat transfer rates across the substrate 30, and reduces the differences 
in thermal impsdances that occur at the interface between the base 1 75 and the 
electrostatic member 100. Differences in thermal impedances can occur, for example, 
at the interface between the base 175 and the electrostatic member 100 that has a 
rough surface with gaps and non-contact areas that have a high thermal impedance 
relative to reQions having smooth surfaces. The bond layer 250 is especially desirable 
for an electrostatic chuck 55 comprising a ceramic dielectric 115 which has a lower - 
surface 252 that forms the interface between the electrostatic member 100 and the 
base 175 that often contains microscopic gaps and fissures (not shown). In 
conventional electrostatic chucks, these gaps and fissures can create a thermal barrier 
between the electrostatic member 100 and the pzsB 1 75. In contrast, in an 
electrostatic chuck 55 according to the present Invention, the bond layer 250 fills the 
gaps and fissures to provide a smooth surface to provide more controllable and 
uniform heat transfer rates. 

Preferably, the bond layer 250 is ductile and compliant to provide an 
interface that absorbs the thermal stresses arising from the thermal expansion 
mismatch between the dielectric 1 1 5 of the electrostatic member 100 and the base 
1 75 without damaging the electrostatic chuck. While a bonded joint provides uniform 
heat transfer rates, it is often difficult for a bonded joint to withstand the thermal 
stresses arising fropn differences in thermal expansion coefficients of dissimilar 
materials, such as the electrostatic member 100 and the base 175. A bond layer 
250 according to the present invention, made from a ductile and compliant material 
can flax and absorb thermal stresses that arise from the difference in thermal 
expansion coefficients of the electrostatic member 100 and the base 175. The bond 
layer 250 could also be made from a polymer which is compliant and able to absorb 
thermal stresses. However, conventional polymer materials are often eroded by 
erosive plasma and process gases, and thus It Is preferred to use a compliant metal to 
form the bond layer 250. Also, the bond layer made of metal generally has a higher 
thermal conductivity than a bond layer made of polymer. 
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Preferably, the bond layer 250 is made by infiltrating molten metal Into 
the interface between the dielectric 1 15 and the base 175. For example, a base 175 
comprising a composite of porous ceramic and metal can be bonded to the dielectric 
1 1 5 of the electrostatic member 100 by a bond layer 250 which Is formed by 
infiltrating molten metal into the porous ceramic of the dielectric 115 and base 1 75. 
During the infiltration process, the molten metal reacts with the ceramic material to. 
form an Interfacial reaction layer that forms the bond layer 250. It 1$ believed that the 
reaction layer Is confined to a zone near their contact surfaces and penetrates less 
than about 250 um into each porous ceramic surface to provide a bond layer 250 
having a thickness of from about 50 to about 500 um. This method of joining the 
electrostatic member 100 to the base 1 75 provides a strong, vacuum tight, bond 
layer 250 that is also'substantially free of voids and provides uniform thermal transfer 
rates across the interface between the base 1 75 and the electrostatic member 100. 
Furthermore, infiltration of molten metal into the porous ceramic provides a relatively 
thin bond layer 250 that minimizes bowing of the electrostatic member 100 which 
would otherwise warp the receiving sur^ce 120 and render the electrostatic chuck 55 
unusable. 

In another version., the base 1 75 and the electrostatic member 100 are 
joined together by brazing. By brazing it is meant bonding of a ceramic member to 
.another ceramic or metal member, using an alloy having a melting point lower than 
either of the members being joined. In one method, a thin sheet of brazing matal (not 
shown! is placed between the electrostatic member 100 and the base 175. The 
assembled electrostatic member 100 and base 175 is heated to allow the metal to 
react with surfaces of the electrostatic member 100 and the base 175 to form the 
strong ductile bond layer 250. Alternatively, the brazing metal can be deposited 
directly on the surfaces to be joined and the assembled electrostatic member 1 00 and 
base 175 heated to form the bond layer 250. The brazing metal can comprise 
aluminum, zinc, copper, silicon, or alloys thereof. The assembled electrostatic 
membcsr 100 and base 175 are heated to a temperature sufficiently high to melt the 
brazing metal, but less than the temperatures that would cause softening of the 
electrostatic member 10O and base 175. Generally, the electrostatic member 100 
and base 175 are heated to a temperature of up to about 600*C for about 180 
seconds to form the brazed bond layer 250. 
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Heater 

In another aspect o1 the present invention, the electrostatic chuck 
55 comprises a heater 235 positioned below and abutting the dielectric 1 15 of the 
electrostatic member 1 00 to heat the substrate 30. The dielectric 115 diffuses the 
heat from the heater 235 and thereby provides more uniform temperatures across the 
substrate 30. Aiso, the ability of the ceramic material of the dielectric 1 15 to 
withstand high temperatures allows the heater 235 to be operated at more elevated 
temperatures than that obtainable with an electrostatic chuck 55 having a polymer 
dielectric. A preferred heater 235 comprises a resistive heating element 255 that has 
a resistance sufficiently high to raise the temperature of the substrate 30 by at least 
about lOO^C, The resistive heating element 255 can be made from tungsten, 
molybdenum, iron, nickel, copper* Inconet or alloys thereof. Preferably, the resistive 
heating element 255 comprises a planar shape that is size^J to match the size of the 
substrate 30 to provide a heat flux that is relatively uniform across the entire backside 
of the substrate 30. The resistive heating element 255 can be shaped as a flat coil 
wound In a spiral or whirt» a wire mesh, or a iig-zag shaped element. A heater power 
supply 260 is electrically connected to the resistive heating element 255 to power the 
heater 235. The resistive heating element 255 Is electrically connected to the heater 
power supply 260 by heater connectors 270a«b that comprise a refractory metal and 
are bonded to* the resistive heating element 255 by infiltration of a metal having a 
relatively (ow melting temperature. The heater power supply 260 comprises a source 
which has a power output of from about 500 to about 3500 watts, and which can be 
adjusted to provide a current level that achieves a desired substrate temperature. 
Preferably, a temperature controller 275 is provided to monitor the substrate 
temperature and adjust the output of the heater 235 to maintain the substrate 30 at 
temperatures from about 25 to about 500^C. 

Preferably, the heater 235 is embedded in the base 175 rather than in 
the dielectric 115 of the electrostatic member 100. Prior art chucks that have a 
heater embedded in a ceramic dielectric ofton crack from the high thermal stresses 
generated by localized expansion of the ceramic material surrounding the heater 235. 
In contrast, placing the heater 235 below the ceramic dielectric 1 15 or inside the base 
175 heats the base 175 which uniformly heats the dielectric 115 by conduction 
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without causing excessive thermal stresses in the dielectric 1 1 5. Also, the ennbedded 
heater 235 can maintain the substrate 30 in a small range of temperatures with more 
accuracy, and stability than that obtained by radiative heating,, because the thermal 
mass of the base 175 and the dielectric 1 15 serve as heat sinks that prevent localized 
temperature fluctuations from excessively changing the temperature of the substrate 
30. 

The substrate 30 is heated by powering the resistive heating element 
255 of the heater 235 by the heater power supply 260. A power level of the current 
provided by the heater power supply 260 is adjusted by the temperature controller 
275 in relation to a measured temperature of the substrate 30 to raise the substrate 
30 to a temperature suitable for processing the substrate 30. The base 175 can 
reduce the flow of heat from the electrostatic chuck 55 to the support 190 or the 
surface 50 of the chamber 25. Optionally, heat Is removed from a support 1 90 below 
the base 175 by circulating q heat transfer fluid.through the channels 230 In the 
support 190. During processing, the temperature of the substrate 30 is monitored 
using a temperature sensor 285, such as a thermocouple embedded in the receiving 
surface 1 20 that provides a signal to the temperature controller 275 that controls the 
heater 235 to maintain the substrate 30 within the desired narrow temperature range. 
Preferably, the electrostatic chuck 55 of the present invention is able to maintain the 
substrate 30 at a temperature of from about 25 to about 500^*0 within a range of 
about ± 10**C, and more preferably, within a range of about ±5*C. 

The support 190 serves to secure the electrostatic chuck 55 to the 
chamber 25, and also perform one or more of other functions, such as reduce thermal 
expansion stresses between the chuck 55, base 175. and chamber 25; serve as a 
thermal insulator or thermal conductor depending upon the desired temperature of the 
substrate 30; and also control heat transfer rates between the substrata 30 and the 
chamber 25. 

One version of the support 190 is adapted to reduce thermal expansion 
stresses between the chuck 55, base 175, and th surface 50 of the chamber 25, In 
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this V rsion, the support 1 90 Is fabricated from a material having a coefficient of 
thermal expansion that is within about ±30% of a coefficient oi thermal expansion of 
the base 175. More preferably, the support 190 comprises a coefficient of Thermal 
expansion of from about 2 to about 27 ppm/^'C and most preferably of from about 3 
to about 12 ppm/°C. The support 190 comprises a ceramic, metal, or composite or 
mixture of ceramic and metal. Including by way of example, one,or more of aluminum 
oxide, aluminum nitride, boron carbide, carbon, cordferite. mullite, silicon carbide, 
silicon nitride, silicon dioxide, zirconium oxide, aluminum, copper, molybdanum, 
titanium, tungsten, zirconium and mixtures thereof. For example, a suitable support 
1 90 for matching the thermal expansion coefficient of a base 1 75 comprising a 
composite of aluminum and silicon carbide (AlSiC) (which has a CTE of from about 4 
to about 10 ppm/^C) comprises zirconium (which has a CTE of about 6 ppm/^C). 

In another version, the support 190 is bonded to the base 175 of the 
electrostatic chuck 55 by a second bond layer 296 of compliant and ductile material 
that is provided to further absorb the thermal stresses that occur from differences in 
thermal expansion of the support 190 and the base 1 75. The bond layer 295 also 
generally has a thickness of from about 50 to about 500 /^m. The bond layer 295 is 
made from a metal such as aluminum, copper, iron, molybdenum, titanium, tungsten 
or alloys thereof. In addition, the bond layer 296 provides an interface with a more 
homogeneous 'composition and more uniform heat transfer rates to and from the 
substrate 30. The bond layer 295 also reduces the differences in thermal impedances 
that occur at the interface between the base 175 and the electrostatic member 100. 

Referring to Figures 7a to 7c, in another version, the support 190 is 
adapted to thermally insulate the base 175 of the electrostatic chuck 55 from the 
surface 50 of the chamber 25. In this version, the support 190 comprises a cavity 
300 that is shaped and sized to serve as a thermal barrier that insulates the 
electrostatic chuck 55 from the surface 50 of the chamber 25. The cavity 300 is 
shaped and sized to provide a temperature differential that is sufficient to enable the 
electrostatic chuck 55 to be sealed to the surface 50 by a conventional low 
temperature vacuum seal, such as an O-ring 240. As explained above, high 
temperatures can cause the polymer O-ring 240 to lose its resilience and therefore Its 
ability to form a seal. Preferably, the support 190 with the cavity 300 comprises a 
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thermal conductivity of less than about 6 W/mK to control heat transfer rates from th 
electrostatic chuci< 55. More preferably, the support 190 comprises a cavity 300 
having a cross-sectional area that is shaped and sized to provide a temperature 
differentia! of at least about 100°C between the chuck 55 and the surface 50 of the 
chamber 25 when the substrate 30 is held at a temperature of about SOO'^C. 

Referring to Figure 7a, the cavity 300 comprises a cross-section having 
dimensions only slightly smaller than and corresponding to those of the support 190. 
Alternatively, the cavity 300 can comprise a more complex shape tailored to control 
the rate at which heat is removed from different portions of the base 175 to provide 
more uniform temperatures across the receiving surface 1 20 of the electrostatic chuck 
55. For example, as shown In Figure 7b^ the cavity 300 can also comprise a 
trerpezoidal cross-section to increase *heat removal from the peripheral edge of the 
electrostatic chuck 55, when the peripheral edge is subjected to a higher heat load 
from the energized process gas. In another alternative, shown In Figure 7c, the cavity 
300 comprise an annular channel having a rectangular cross-section which allows 
more heat to be removed from the center of the base 175 thereby compensating for a 
greater heat flux at the center of the electrostatic chuck 55. 

Referring to Figure 7c, the cavity 300 can further comprise a gas inlet 
310a and a gas outlet 310b for supplying and removing a gas, such as helium, argon, 
nitrogen, or air to the cavity 300. By varying the pressure of the gas in the cavity 
300, the amount of heat conducted from the substrate 30 through the support 190 
can also be varied. The pressure of the gas in the cavity 300 is regulated to maintain 
substantially uniform temperatures across the receiving surface 120 of the chuck 55. 
Typically, the pressure of the gas is less than about 50 mTorr, and more preferably, 
tha pressure of the gas is from about 2 to about 50 mTorr. 

Optionally, as Illustrated In Figure 6, the support 1 90 can comprise 
threaded inserts 315 of a low thermal expansion alloy, such as Kovar^^ or Invar^, 
into which bofts 320 are threaded to secure the support 190 (with the electrostatic 
chuck 55 bonded thereto) to tha chamber 15. The threaded inserts 315 provide 
greater resilience and compliance than the brittle material of a ceramic support 190 
and are more easily machined to provide threads for receiving the bolts 320. 
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Alternatively, The support 190 is secured in the chamber 25 by a clamping ring 325, 
as shown in Figure 1. The clamping ring 325 allows movement due to differences in 
thermal expansion of the support 190 and the surface 50 of the chamber 25, thereby 
preventing warping or cracking of the support 190 and improving the reliability of the 
vacuum seal between the support 1 90 and the surface 50. Also, any mechanical 
stresses induced by conventional mounting holts made of metal are reduced, thereby 
extending the operating life of the electrostatic chuck 55 and support 190. In yet 
another embodiment, shown In Figures 7a to 7c, one or more of the clamping ring 
325. the base 175, or the support 190 comprise a curved surface 330 which further 
reduces the mechanical stresses on the electrostatic chuck 55 and the support 190 by 
distributing a clamping force over a larger area. 

Method of Fabrication 

In another aspect, the present invention is directed to a method of 
fabricating an electrostatic chuck 55 comprising an electrostatic member 100 having 
an electrode 105 covered by a dielectric 11 5, a base 1 75 joined to the electrostatic 
member 100, and, optionally, a heater 235. A preferred method of fabricating the 
electrostatic chuck 55 will now.be described; however, other methods of fabrication 
can be used to form the electrostatic chuck 55 and the present invention should not 
be limited to the Illustrative methods described herein. 

Forming the Electrostatic Member 

The dielectric 115 of the electrostatic member 100 corriprises a ceramic 
or polymer material/ Suitable high temperature materials include ceramics such as for 
exarhple, one or more of aluminum oxide, aluminum nitride, silicon nitride, silicon 
dioxide, titanium dioxide, 2ircom'um oxide, or mi>ctures thereof. Generally, aluminum 
nitride is preferred for its high thermal conductivity which provides high heat transfer 
rates from the substrate 30 to the electrostatic chuck 55. Also, aluminum nitride has 
a low CTE of about 5.5 ppm/*C which closely matches a CTE of an electrode 105 
made of molybdenum which has a CTE of about 5.1 ppm/**C. Also, aluminum nitride 
exhibits good chemical resistance in erosive environments, especially halogen 
containing plasma environments. The dielectric 11 5 is formed by freeze casting. 


(^3))01-1 02436 (P200 1-10U58 


22 

injection molding, pressure-forming, thermal spraying, or sintering a ceramic block 
with the electrode 105 embedded therein. Preferably, a ceramic powder is formed 
into a coherent mass in a pressure forming process by application of a high pressure 
and a temperature. Suitable pressure forming apparatuses include an autoclave, a 
platen press, or an isostatic press, as for example, described in U.S. patent application 
no. 08/965,690 filed November 6, 1997; which is incorporated herein by reference. 

The electrode 105 of the electrostatic member 100 comprises a 
refractory metal capable of withstanding high temperatures, such aa temperatures of 
at least about 1500**C. Suitable metals include, for example, tungsten, molybdenum, 
titanium, nickel, tantalum, molybdenum or alloys thereof. Preferably, the electrode 
105 is made of molybdenum, which has a thermal conductivity of about 138 W/mK, 
which is substantially higher than that of most metals and alloys commonly used for 
electrodes 105 and enhances heat transfer rates through the electrostatic member 
100. In the embodiment shown in Figure 6, the electrode 105 comprises a thin mesh 
which is embedded in the dielectric 115 and ts shaped and sized depending upon the' 
shape and size of the substrate 30. 

In a preferred method of forming an electrostatic member 100 with an 
embedded electrode 1 05< an isostatic press Is used to apply a uniform pressure over 
the entire surf^ice of the electrostatic member Inot shown). A typical isostatic press 
comprises a pressure resistant steel chamber having a pressurized fluid for applying a 
pressure on an isostatic molding bag. A powdered precursor comprising a suitable 
ceramic compound mixed with an organic binder, such as polyvinyl alcohol, is packed 
around the electrode 105 in the isostatic molding bag and the bag is inserted in the 
isostatic press. The fluid in the pressure chamber is pressurized to apply a pressure 
on the ceramic material. It is desirable to simultaneously remove air trapped in the 
isostatic molding bag using a vacuum pump to increase the cohesion of the powdered 
precursor. The unitary ceramic preform comprising a dielectric 115 having an 
electrode 105 therein is removed from the molding bag and sintered to form an 
electrostatic member 100 with en embedded electrode 105. The gas flow conduits 
1 30 are subsequently formed in the electrostatic member 100 by drilling, boring, or 
milling: or they can be formed by placing suitable inserts in the ceramic preform 
during the molding process. After the electrostatic member 1 00 is formed, the 
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receiving surface 120 is grniind to obtain a flat surface to efficiently thormallY couple 
the substrate 30 to the electrostatic chuck. 

The electrical connector 140 is electrically connected to the electrode 
105 of the electrostatic chuck 55 to conduct an electrical charge to the electrode 105 
from a voltage supply terminal 340 in the chamber 25. The electrical connector 140 
is also made of a refractory metal having a melting temperature of at least about 
IBOO'^C. Suitable metals include, for example, tungsten, titanium, nickel, tantalum, 
molybdenum or alloys thereof. The electrical connector 140 comprises a rod or plug 
345 having a length sufficiently long to extend from the voltage supply terminal 340, 
through a hole 350 in the dielectric 1 1 5 and the support 1 90, to electrically engage 
the electrode 105. Other equivalent structures for the electrical connector 140 
indlude rectangular leads, contact posts, and laminated conducting structures. 

In a preferred structure, shown in Figure 6, the plug 345 of the electrical 
connector 140 is bonded to the electrode 105 by a conducting material in a liquid 
phase. Preferably, the conducting liquid phase comprises a metal having a softening 
temperature of less than about 1500^C, and more preferably, loss than about 600*C. 
Suitable materials include aluminum, copper, iron, molybdenum, titanium, tungsten or 
alloys thereof. The electrical connector 140 is aligned in the hole 350 to provide a 
gap 355 sufficiently large to allow the conducting liquid phase to infiltrate between 
and electrically connect the plug 345 to the electrode 105. The more ductile 
conducting material that fills the gap 355 also absorbs thermal stresses arising from 
the vertical expansion of the electrical connector 140 relative to other surrounding 
structures, such as the electrostatic member 100. The volume of gap 355 in which 
the metal Is Infiltrated is sufficiantly large to enable the metal to substantially fill the 
space between the electrical connector 140 and the electrode 105 to provide a good 
electrical connection. However, It has been discovered that reducing the volume of 
gap 355 into which the metal is infiltrated serves to significantly reduce cracking of 
the ceramic material surrounding the electrical connector 1 40 and can also reduce 
bowing of the electrostatic member 100. In the embodiment shown in Figure 6, the 
gap 355 is defined by a bore 365 in the dielectric 1 1 5, the bore 365 having a first 
diameter that is smaller than the outer diameter of the plug 345 of the electrical 
connector 1 40, and a second diameter larger than the diameter of the plug 345 to 
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allow it to pass through. A shoulder 370 defined by the first and second diameters of 
the bore 365 serves as a stop that prevents the electrical connector 140 from 
contacting the electrode 105, thereby forming a gap 3B5 therebetween that can be 
infiltrated by nnolten or softened metal (which Is later solidified) to Qlectrically connect 
the plug 345 to the electrode 105. Thus, the electrical connector 140 is not joined 
directly to the electrode 105 but instead is electrically coupled via the gap 355 filled 
with a metal which can readily deform and absorb thermal expansion and other 
mechanical stresses. This joint provides a more reliable electrical connection between 
the electrical connector 140 and the electrode 105. 

Alternatively, the electrical connector 140 can be electrically connected 
to the electrode 105 by a brazed connection. Referring to Figures 8a and 8b, a metal 
insert 375 is placed between the plug 345 and the shoulder 370 of the bore 365. 
The electrostatic chuck 55 and the plug 345 are then heated causing the metal insert 
375 to soften and fill the gap 355. Typically, the electrostatic chuck 55 and the plug 
345 are maintained at a temperature of about 600*C for at least about 180 seconds. 
Thereafter, they are cooled to solidify the metal in the gap 355 to form a brazed 
connection between the electricaf connectors 140 and the electrode 105 as shown in 
Figure 8b. Optionally, a pressure can be applied to the plug 345 of the electrical 
connector 140 while heating the electrostatic chuck 55 to cause the softened metal 
from the metal insert 375 to infiltrated and fill the gap 355, 

Optionally, as shown in Rgure 6, tubas 380 of a ceramic material, such 
as aluminum oxide, extend through one or more of the dielectric 115, the support 190 
and the base 175. These tubes 380 serve to electrically isolate electrical connector 
140 and the heater connectors 270a,b from the bond layers 250, 295, the base 1 75. 
and the support 190. They also align the conduit 130 and holes 165a,b through 
which the lift pins 160 pass to prevent the formation of a plasma glow discharge 
therein during operation of the electrostatic chuck 55. The tubes 380 comprise an 
outer diameter that allows them to be held in place substantially without the use of an 
adhesive. Preferably, the tubes 380 surrounding the electrical connector 140 and the 
heater connector 270a, b comprise an inner dimension and a shape that conforms to 
the connectors 140, 270a,b. More preferably, the tubes 380 surrounding the 
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conduits comprise an Inner diameter sufficiently small to prevent plasma formation in 
the conduit 130 and in the lift pin holes 165a,b. 

Forming the Base 

The version of the base 175 supporting the electrostatic member 
TOO which comprises porous ceramic infiltrated with metal is fabricated by forming a 
ceramic preform (not shown) and infiltrating a liquid or molten metal into the ceramic. 
The ceramic preform is made from a ceramic powder having an average particle size 
that provides the desired volume of porosity in the ceramic preform. The average 
particle size of the ceramic powder cen be obtained by milling processes, such as ball 
milling or attrition milNng. The total porosity can be further increased or decreased 
using agglomerated powder comprising particles of various sizes. Although the 
desired pore size varies depending on the ceramic being infiltrated, it is generally 
desirable that the ceramic powder have an average particle size of from about 0.1 to 
about 50 ptm, to yield a volume porosity of from about 20 to about 80 volunne%. 

The version of the base 1 75 supporting the electrostatic member 
1.00 comprising an embedded h.eater 235 is formed by placing the resistive heating 
element 255 in a mold (not shown), packing the mold with ceramic powder, and 
applying a pressure of from about 48 MPa to about 69 MPa to the mold to form the 
preform. The pressure applied to the ceramic powder can be applied using an 
autoclave, a platen press, or an isostatic press. Preferably, an isostatic press is used 
to apply a uniform pressure over the entire surface of the mold to form a ceramic 
preform having high strength. In isostatic pressing, additives such as polyvinyl 
alcohol, plasticizers such as polyethylene glycol, and lubricants such as aluminum 
stearate are mixed with the ceramic powder to improve the mechanical strength of the 
preform. Because the prefomi has sufficient strength, voids for connectors 140, 
270a,b to the electrode 105 and the resistive heating element 255. the conduit 130 
for the heat transfer gas, and the holes 165a,b for the lift pins 160 can be formed 
using conventional machining techniques such as drilling, boring, or milling while the 
ceramic preform is in the green state. 
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The green preform is sintered to obtain a ceramic preform with the 
optional resistive heating element 255 embedded therein. In the sintering process, the 
graen preform is heated in the presence of a gas at a high partial pressure in order to 
control the total porosity and average pore size of the sintered body. Preferably, the 
partial pressure of the gas is from about 1 to about 10 atmospheres. If binders or 
other organic materials are used in the preform forming process, these additives are 
burned out in the sintering step. In the sintering process, the green preform is placed 
in a furnace and slowly heated to a temperature of from about 300 to about 1 200'C 
in a flowing gas such as nitrogen to volatilize the organic materials to form a dense 
ceramic. 

Tha second step of forming the base 175 involves an infiltration 
process. After a ceramic having the desired total porosity and pore size is obtained, a 
liquid phaae of metal or nnolten metal is infiltrated into the voids or pores of the 
ceramic. The infiltration can be accomplished by any suhabte process including, for 
example, a method in which molten metal is brought into contact with a ceramic and 
infiltrates into the interconnecting pores of The ceramic by capillary action. In a 
preferred method, infiltration is accomplished in a pressure vessel using a pressure 
infiltration process. In this method, the ceramic is placed in the pressure vessel with 
metal around it, and the vessel evacuated and heated to remove air fronn the pores of 
the ceramic. Once the pressure vessel is evacuated, the ceramic and surrounding 
metal are heated to a temperature corresponding to the softening temperature of the 
metal to be infiltrated. The molten metal is introduced into the pressure vessel under 
pressure to fill substantially all voids, cavities and pores in the ceramic. For example, 
in the embodiment wherein the ceramic comprises silicon carbide having a porosity of 
about 30%, the infiltration of molten aluminum is accomplished by maintaining the 
pressure vessel at a pressure of about 1030 kPa (150 psi), and a temperature of at 
least 600*C for about 180 seconds. 

Forming the Bond Layers 

The base 1 75 is then bonded to the ceramic dielectric 1 15 of the 
electrostatic member 1 CO by the infiltration process described above. In a preferred 
embodiment, the alectrostatic member 100 is. placed on top of the base 175 in a 
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pressure vessel and molten metal or alloy is brought into contact with the assembly. 
Typically, the process vessel is maintained at a pressure of from about 690 IcPa (100 
psi) to about 1380 fcPa (200 psi), and the molten metal is maintained at temperature 
of from about 600 to about 700*^0 for at least about 1 80 seconds. During the 
infiltration process, molten metal reacts with the ceramic dielectric 115, forming an 
intermetallic bond layer 250 between the electrostatic member 100 and the base 1 75 
After infiltration, the assembled electrostatic chuck 55 is cooled to solidify the metal 
to form the bond layer 250. It has been found that a substantially void-free and 
crack-free bond between the electrostatic member 100 and the base 175 can be 
achieved by controlling the rate at which the electrostatic chuck assembly is cooled. 
Preferably, the electrostatic chuck assembly is cooled at a rate of from about 10 to 
about 100*C/hr. 

In an alternative method, the base 175 is formed and bonded to the 
electrostatic member 100 in a single step. In this method, the electrostatic member 
100 with the electrode 105 is placed on the sintered preform of the base 175 in a 
pressure vessel. Once the pressure vessel has been completely evacuated, a molten 
metal is introduced into the vessel under pressure to substantially fill surface voids, 
cavities and pores in the preform to form a base 1 75 and to also infiltrate into the 
interface and bond the base 175 to the electrostatic member 100. 

In another embodiment, the support 1 90 is also bonded to the lower 
surface of the base 175 by the infiltration process. As described above, the support 
190 can comprise a ceramic or metal structure that is shaped to correspond to the 
shape of the base 175. The support 190 can be formed by a variety of methods, 
including for example, casting, isostattc pressing, or machining a block of metal or 
sintered ceramic material. The cavity 300 is formed in the base 175 by drilling, 
boring, or milling. For example, in a preferred embodiment shown in Figure 7c, the 
support 190 is formed from two pieces of cast zirconium. A top member 190a 
comprises a right cylinder having a cavity 300 with an annular channel therein, and a 
lower plate 190b that cavers the cavity 300. Optionally, the lower plate 1 90b can 
also be machined to provide the gas inlet 310a and the gas outlet 310b for supplying 
and exhausting heat transfer gas from the cavity 300 respectively. After forming the 
cavity 300, the top and bottom surfaces of the assembled support 190 are ground 
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until the surface roughness of the support 190 is less than about 1 micron. Surface 
grinding is needed for the support 190 to uniformly contact the base 175 and to 
provide a strong and substantially void free bond layer 295 between the support 190 
and the base 1 75. A smooth bottom surface is useful to enhance the vacuum seal 
between the support 190 and the bottom surface 50 of the chamber 25. After 
grinding, the support 190 is thoroughly cleaned to remove grinding debris. For those 
embodiments in which the support 1 90 comprises a metal, the exposed surfaces of 
the support 190 can be treated or coated with a material to reduce erosion or 
corrosion by the energized proca.ss gases. For example, the exposed surfaces of the 
support 1 90 can be anodlzed or coated with thermally sprayed alumina. 

The following examples illustrate the thermal expansion compatibility of 
a variety of combinations of materials that can be used to form the electrostatic chuck 
55, the base 175 and the support 190, or for bonding the electrostatic member 100 
to a base 1 75 by the bond layer 250. The test coupons are scaled down to 
approximate the dimensions of an electrostatic chuck 55 and are made from the 
different materials bonded together by the infiltration process of the present invention. 
The silicon carbide and mullite materials were high porosity materials Infiltrated with a 
compliant metal, such as aluminum. In the infiltration process, molten aluminum was 
infiltrated In a heated and pressurized vessel at a pressure of about 1030 kPa (150 
psi) and a temperature of about 500"C. 

In Examples 1 to 9. the surface flatness of the bonded test coupons was 
measured using a profilemeter to determine the degree and direction of bowing which 
measures the curvature of a surface from the center to a peripheral edge occurring 
due to a thermal expansion mismatch of two different materials bonded together. 
Positive bowing occurs when the center of a surface is higher relative to the 
peripheral edge, and negative bowing occurs when the peripheral edge is higher. It Is 
desirable for the receiving surface 1 20 of the electrostatic chuck 55 to be flat to 
prevent breaking of a substrate held to the surface, and to reduce any non-uniformity 
in the heat transfer rates which occurs when one portion of the substrate 30 is closer 
to the electrostatic chuck 55 or to the source of the energized process gas. For 
example, a surface 120 having a diameter of about 200 mm should exhibit less than 
about 254 tjn\ (10 mils) of bowing. Exc ssive bowing can also cause the dielectric 
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1 1 5, base 1 75, support 1 90, or the bond layers 250, 295 between them to crack 
reduce the operating life of the electrostatic chuck 55, or contaminate the chamber 
25. 

Referring to Table I!, bonded test coupons sized 100 by 1 80 mm and 
having a thickness of 10 to 12 mm were repeatedly cycled between room 
temperature and a temperature of 300**C or higher. Subsequent testing and 
examination demonstrate the ability of the metal-ceramic composite and the bond of 
the present invention to securely bond different materials with an acceptable level of 
bowing and microcracking. 


TABLE II 


EXAMPLE 
NO. 

MATERIALS 
BONDED 

CTE MISMATCH 

BONDING QUALITY 

1 

AlSiC to AIN 

6-9 to 5.5 

Excellent/positive bowing 
of less than about 1 0 
mils. 

_ — . ___ 

2 

AISIC to AI2O3 

6.9 to 7.1 

Excellent/positive bowing 
of less than about 6 
mils. 

3 

AlSiC to Mullite 

6.9 to 7.9 

Excellent/No bowing, 
Mullite cracking 

4 

AlSiC to Tl alloys 

6.9 to 9.5 

Excellent/positive bowing 

5 

AtSiC to AlSiC 

6.9 to 6.9 

Excellent/No bowing 

6 

AlSiC to Metal 

(Mo, Ta, W, 
Kovar and Invar) 

6,9 to 6.0 

Excellent/No bowing 

7 

Al-SiSiC to AIN 

5,8 to 5.5 

Excellent/positive bowing 
of less than about 2 
mils. 

8 

AlC to AIN 

4,8 to 5.5 

Excellent/negative 
bowing of less than 
about 3 mils. 

9 

AlC to AlC 

. 4.8 to 4.8 

ExcellentyNo bowing 


(6 1) )01-102436 (P200 1-10U58 


30 

In this manner, the present invention provides a system for holding and 
supporting a substrate 30 that is capabie of maintaining the substrate 30 in a narrow 
range of high temperatures. The substrate 30 is heated or cooled depending on the 
heat provided by the plasma and the optional heater 235. In addition, the 
electrostatic chuck 55, base 175, and support 190 can rapidly heat or cool the 
substrate 30 without fracturing or microcracking from thermal shock or thermal 
expansion stresses. Also, the present invention provides a reliable electrical 
connection between the electrical connector 140 and the electrode 105 of the 
electrostatic chuck 55. 

Although the present invention has been described in considerable detail 
with regard to certain preferred versions thereof, other versions are possible. For 
exSimple, the electrostatic chuck can be used to hold other substrates, such as flat 
panel displays, circuit boards, and liquid crystal displays as apparent to those skilled in 
the art and w'rthout deviating from the scope of the invention. Also, the electrostatic 
chuck of the present invention can be used in other environments, such as physical 
vapor deposition and chemical vapor deposition chambers. Therefore, the appended 
claims should not be limited to the description of the preferred versions contained 
herein. 
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What l3 claimed 13: 

1. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising:- 

an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; and 

a base below the electrostatic member, the base comprising a 
composite of a plurality of materials. 

2. An electrostatic chuck according to claim 1 wherein the 
composite comprises a ceramic and a metal. 

3. An electrostailc chuck according to claim 1 wherein the 
composite comprises at least one of the following charactenstics: 

(1) one or more of aluminum oxide, aluminum nitride, boron 
ciarbide, carbon, cordierite, muNite, silicon carbide, silicon nitride, silicon dioxide and 
zirconium oxide; 

(ii| aluminum, copper, iron, molybdenum, titanium, tungsten or 

alloys thereof; 

(iil) silicon carbide and aluminum; 

(iv) a volume fraction of a ceramic to a metal such that the 
base has a coefficient of thermal expansion of within about ±30% of a coefficient of 
thermal expansion of the electrostatic member; 

> (v) a volume fraction of a ceramic to a metal such that the 
base and the electrostatic member each have a coefficient of thermal expansion of 
from about 4 to about 1 0 ppm/°C; or 

(vi) a porous ceramic infiltrated with a metal. 

4. An electrostatic chuck according to claim 3(vi) wherein the 
porous ceramic comprises a pore volume of from about 20 to about 80 volume%. 

5. An electrostatic chuck according to claim 1 wherein the base is 
bonded to the electrostatic member by a bond layer. 
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6. An electrostatic chuck according to claim 5 wherein the bond 
layer comprises a metal. 

7. A chamber for processing a substrate, the chamber comprising 
the electrostatic chuck of claim 1. 

8. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; and 

a base bonded to the electrostatic member by a bond layer, 

9. An electrostatic chuck according to claim 7 wherein the bond 
layer comprises a metal. 


10. A method of fabricating an electrostatic chuck for holding a 
substrate, the method comprising the steps of: 

(a) forming an electrostatic member comprising a dielectric 
covering an electrode that is chargeable to electrostatically hold the substrate; and 

(b) forming a base comprising a composite of a plurality of 
materials and bonding the base to the electrostatic member. 

11. A method according to claim 1 0 wherein step (b) comprises the 
step of forming a base by infiltrating a metal into a porous ceramic. 

12. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

(a) an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; 

(b) . a base bonded to the efectrostatic member, the base 
comprising a composite of a plurality of materials; and 

(c) a support bonded to the base. 
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13. An electrostatic chuck according to claim 12 further comprising at 
least one of the following characteristics: 

(i) the base is bonded to the electrostatic member by a metal 

layer; 

(li) the support is bonded to the base by a metal layer: 

Cili) the base comprises a coefficient of thermal expansion that 

is within about ±30% of a coefficient of thermal expansion of the electrostatic 

member; or 

(iv) the base comprises a porous ceramic infiltrated with metal. 

14. A method of fabricating an electrostatic chuck for holding a 
substrate, the method comprising the steps of: 

(a| forming an electrostatic member comprising a dielectric 
cov^ering an electrode that is chargeable to electrostatically hold tha substrate; and 

(b| forming a base comprising a composite of a plurality of 
materials and bonding the electrostatic member to the base. 

15. A method according to claim 14 further comprising forming a 
support and bonding the support to the base. 

16. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

(a) an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; and 

(b) a base below the electrostatic member, the base 
comprising a thermally insulating material, and the base having a coefficient of 
thermal expansion within about ±30% of a doefficlent of thermal expansion of the 
electrostatic member. 

17. An electrostatic chuck according to claim 16 wherein the base 
comprises a coefficient of thermal expansion of from about 4 to about 10 ppm/*^C. 

18. An electrostatic chuck according to claim 16 further comprising a 
support between the base and a surface of a chamber, and wherein the coefficient of 
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thermal expansion of the base lies between the coefficients of thermal expansion of 
the electrostatic member and support. 

19. An electrostatic chuck according to claim 16 wherein the base 
comprises cordierite or mullite. 

20. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; and 

a base below the electrostatic member, the base comprising 

cordierite or mullite. 

21 . An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

ft 

an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; 

a base below the electrostatic member; and 
a support below the base, the support having channels for 
circulating heat transfer fluid. 

22. An electrostatic chuck according to claim 21 wherein the base 
comprises cordierite or mullite. 

23- A method of fabricating an electrostatic chuck for holding a 
substrate, the method comprising the steps of: 

(a) forming an electrostatic member comprising a dielectric 
covering an electrode that is chargeable to electrostatically hold the substrate; 

(b) forming a base having a surface for supporting the 
electrostatic member; and 

(c) forming a support having channels for holding heat transfer 

fluid and bonding the support to the base. 
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24. A method according to claim 23 wherein step (c) comprises the 
step of bonding the support to the base by a metal comprising one or rnore of 
aluminum, copper, iron, molybdenum, titanium, tungsten or alloys thereof. 

25. A method according to claim 23 comprising forming a base 
having a thermal conductivity that is sufficiently low to maintain a temperature 
differential of at least 100*'C between the electrostatic member and the support. 


26. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; and 

a base below the electrostatic member, the base comprising 

carbon fibers. 

27. An electrostatic chuck according to claim 26 wherein the carbon 
fibers are oriented in a plural'rty of directions, or oriented so thjat the base comprises a 
coefficient of thermal expansion that is substantially isotropic in one plane. 

28. An electrostatic chuck according to claim 26 wherein the base 
comprises at least one of The following characteristics: 

(i) a first set of carbon fibers oriented parallel to a first axis of 
orientation, and a second set of carbon fibers oriented parallel to a second axis of 
orientation; 

(ii) carbon fibers oriented In a plurality of orthogonal 

directions; 

(ill) a volume fraction of carbon fibers that is selected so that 
the base has a coefficient ot thermal expansion within about ±30% of a coefficient of 
thermal expansion of the electrostatic member; or 

(iv) a coefficient of thermal expansion of from about 4. to about 

10 ppmrc. 

29. An electrostatic chuck according to claim 26 wherein The base 
further comprises an annular ring surrounding the carbon fibers. 
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30. An lectrostatic chuck according to claim 29 wherein the annular 
ring comprises first and second components having different coefficients of thermal 
expansion. 

31 . An electrostatic chuck according to claim 29 wherein the annular 
ring comprises porous ceramic and metal. 

32. An electrostatic chuck according to claim 31 wherein the ceramic 
comprises silicon carbide and the metal comprises aluminum. 

33. A method of fabricating an electrostatic chuck, the method 
comprising the steps of: 

(a) forming an electrostatic member comprising an electrode 
covered by dielectric; 

(b) forming a base comprising carbon fibers; and 

(c) bonding the base to the electrostatic member. 

34. A method according to claim 33 wherein step (b) comprises at 
least one of the following: 

(i) orienting carbon fibers so that the base has a coefficient of 
thermal expansion that is substantially isotropic in a plane; 

(ii) orienting a first set of carbon fibers parallel to a first axis of 
orientation and orienting a second set of carbon fibers parallel to a second axis of 
orientation; 

(iii) orienting the carbon fibers In a plurality of orientations; 

(iv) selecting a volume fraction of carbon fibers so that the 
base has a coefficient of thermal expansion within about ±30% of a coefficient of 
thermal expansion of the electrostatic member; and 

(v) selecting a volume fraction of carbon fibers so that the 
base comprises a coefficient of thermal expansion of from about 4 to about 1 0 
ppmyc. 
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35. A method according to claim 33 wherein step (c) comprises Ihe 
steps of holding the base against the electrostatic member and infiltrating a metal into 
the base. 

36. An electrostatic chucic for holding a substrate in a chamber, the 
electrostatic chuck comprising: 

(a) an electrostatic member comprising a dielectric having a 
surface adapted to receive the substrate, the dielectric covering an electrode that is 
chargeable to electrostatically hold the substrate; and 

. (b) a support below the electrostatic member, the support 
comprising a cavity adapted to hold gas to provide a predetermined temperature 
profile across the substrate. 

37. An electrostatic chuck according to claim 36 wherein the support 
comprises at least one of the following characteristics: 

(i) a cavity adapted to maintain a temperature differential of at 
least about 100®C between the electrostatic member and a surface of the chamber; 

(ii) a cavity having a cross-sectionat profile that is shaped in 
relation to the predetermined temperature profile; 

(Hi) a coefficient of thermal expansion within about ±30% of a 
coefficient of thermal expansion of the electrostatic member; 

(iv) one or more of aluminum oxide, aluminum nitride, boron 
carbide, carbon, cordierite, mulfite, silicon carbide^ silicon nitride, silicon dioxide and 
zirconium oxide; 

(v) one or more of aluminum, copper, molybdenum, titanium, 
tungsten, zirconium or mixtures thereof; or 

(vi) the support is made from zirconium. 

38. An electrostatic chuck according to claim 34 further comprising a 
heater between the electrostatic member and the cavity. 


39. An electrostatic chuck according to claim 36 further comprising a 
base between the electrostatic member and. the support, the base comprising a 
composite of a plurality of materials. 
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40. A method of processing a subsirate in a chamber, the method 
comprising steps oi: 

|a) placing the substrate on an electrostatic member In the 

chamber; 

ib) heating the substrate by powering a heater below the 
electrostatic member; 

(c) providing a gas In a cavity in a support below the 
electrostatic member; and 

(d) providing an energized process gas in the chamber to 
process the substrate. 

41 . A method according to claim 40 wherein step (c) comprises the 
initial step of shaping the cavity to provide a temperature differential of at least about 
1 00**C between the electrostatic member and a surface of the chamber. 

42. A method according to claim 40 wherein the pressure of gas is: 
(1) regulated to maintain substantially uniform temperatures 

across the substrate; 

(ii| less .than 50 mTorr; or 

(ill) frorn about 2 to about 50 mTorr, 

43. An electrostatic chuck for holding a substrate in a chamber, the 
electrostatic chuck comprising: 

an electrostatic member comprising dielectric having a surface 
capable of receiving the substrate, the dielectric covering an electrode that is 
chargeable to electrostatically hold the substrate; 

a heater below the electrostatic member, the heater comprising a 
resistive heating element having a resistance sufficiently high to raise the temperature 
of the substrate by at least about 100**C: and 

a support below the electrostatic member, the support comprising 
a cavity that is shaped and sized to hold a ges to provide a temperature drop of at 
least about 100'C between the electrostatic member and a surface of the chamber. 


(feO) )0 1-1 02436 (P200 1-1 OU58 


39 

44. An electrostatic chuck according to claim 43 wherelr> the cavity is 
shaped to provide a predetermined temperature profile across the substrate. 

45. An electrostatic chuck according to claim 43 wherein the cavity 
comprises a channel having a gas inlet and a gas outlet. 

46. An electrostatic chuck according to claim 43 wherein the support 
comprises aluminum, copper, molybdenum, titanium, tungsten, zirconium or mixtures 
thereof. 

47. An electrostatic chuck according to claim 43 wherein the support 
comprises zirconium. 

48. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

an electrostatic member comprising a dielectric covering an 
electrode that is chargeable to electrostatically hold the substrate; and 

a base below the electrostatic member, the base comprising a 

heater. 

49. An electrostatic chuck according to claim 48 wherein the heater 
comprises at least one of the following characteristics: 

(i| a resistive heating element composed of tungsten, 
molybdenum, iron, nickel, copper, Inconel or alloys thereof; 

(li) a resistance sufficiently high to raise the temperature of a 
substrate held on the electrostatic member by at least about 1 00*^0, or 

(iiil the heater is substantially planar. 

50. An electrostatic chuck according to claim 48 wherein the base 
comprises a composite of a plurality of materials. 


51 . An electrostatic chuck according to claim 50 wherein the 
composite comprises at least one of the following characteristics: 
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(i) a coefficient of thermal expansion within about ±30% of a 
coefficient of thermal expansion of the electrostatic member; 

(ill a ceramtc and a metal; or 

(iii) a porous ceramic infiltrated with a metal. . 

52. A method of fabricating an electrostatic chuck for holding a 
substrate, the nnethod comprising the steps of: 

(a) forming an electrostatic member comprising a dielectric 
covering an electrode that is chargeable to electrostatically hold the substrate; and 

<b) forming e base comprising a heater, the base having a 
surface that can be joined to the electrostatic member. 

53. A method according to claim 52 comprising forming the base by 
infiltrating metal into a porous ceramic, 

54. A method according to claim 53 comprising selecting a heater 
comprising a resistive heating element and embedding the heater in the porous 
ceramic. 

55. A method according to claim 53 comprising infiltrating the porous 
ceramic with a metal comprising aluminum, copper. Iron, molybdenum, titanium, 
tungsten or alloys thereof. 

56. A method according to claim 52 comprising forming a heater that 
is substantially planar. 

57. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising: 

{a} a dielectric covering an electrode that is chargeable to 
electrostatically hold the substrate; and 

(b) an electrical connector connected to the electrode to 
conduct an electrical charge to the electrode, the electrical connector comprising a 
refractory metal having a melting temperature of at least about 1500*C- 
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58. An electrostatic chuck according lo claim 57 wherem the 
electrical connector comprises at least one or the following characteristics: 

(I) one or more of tungsten, titanium, nickel, tantalum, 
molybdenum or alloys thereof; 

(ii) the electrical connector is bonded to the electrode by a 
metal having a softening temperature of less than about 600**C; or 

(iii) the electrical connector is bonded to the electrode by 
aluminum, indium or low melting point alloys. 

59. An electrostatic chuck according to claim 57 further comprising a 
base below the dielectric, the base comprising a composite of a plurality of materials 
and wherein the electrical connector extends through a hole in the base. 

60. An electrostatic chuck according to claim 59 wherein a bond layer 
bonds the base to the dielectric. 


61 . An electrostatic chuck according to claim 69 wherein the base 
comprises a porous ceramic infiltrated with a metal, and wherein an electrical contact 
portion between the electrical connector and the electrode comprises the same metal. 

62. A method of fabricating an electrostatic chuck for holding a 
substrate, the method comprising the sieps of: 

(a) forming a dielectric covering, an electrode that is chargeable 
to hold the substrate, the dielectric having a hole exposing a portion of the. electrode; 

(b) holding an electrical connector in the hole of the 
electrostatic chuck to form a gap between the electrical connector and the electrode; 
and 

(c) infiltrating a conducting liquid into the gap between the 
electrical connector and the electrode and solidifying the conducting liquid to 
electrically connect the electrical connector to the electrode. 


63. A method according to claim 62 wherein infiltrating the 
conducting liquid into the gap comprises the step of applying a pressure to the 
conducting liquid of from about 100 to about 200 psi. 
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64. A method according to claim 62 wherein step (a) comprises 
forming a dielectric comprising a porous preform and step (c) comprises infiltrating the 
conducting liquid into the porous preform. 

65. A method according to claim 62 comprising the initial step of 
forming an electrical connector comprising tungsten, titanium, nickel, tantalum, 
molybdenum or alloys thereof. 

66. A method according to claim 62 wherein in step (c) comprises the 
step of infiltrating a conducting liquid comprising aluminum, copper, iron, 
molybdenum, titanium, tungsten or alloys thereof. 

67. An electrostatic chuck for holding a substrate, the electrostatic 
chuck comprising a dielectric covering an electrode that is chargeable to 
electrostatically hold the substrate, and an electrical connector electrically connected 
to the electrode, the electrical connector extending through a bore in the dielectric, 
the bore comprising a first diameter smaller than a diameter of the electrical connector 
and a second diameter larger than the diameter of the electrical connector. 

68. An electrostatic chuck according to claim 67 wherein the first 
diameter is sufficiently small to serve as a stop to the electrical connector thereby 
forming a gap between the electrode and the electrical connector. 

69. An electrostatic chuck according to claim 67 wherein the 
electrical connector is electrically connected to the electrode by metal in a gap 
between the electrode and the electrical connector. 
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ABSTRACT 

An electrostatic chuck 55 comprises an electrostatic member 1 00 
including a dielectric 115 having a surface 120 adapted to receive a substrate 30. 
The dielectric 115 covers an electrode 105 that is chargeable to electrostatically hold 
the substrate 30. An electrical connector 140 comprising a refractory metal may be 
connected to the electrode 105 to charge the electrode. The base 175 may comprise 
a composite of a plurality of materials^ such as, ceramic and metal. Optionally, a 
support 190 can be provided to support the base 175, the support 190 comprising a 
cavity 300. One or more of the electrostatic member 100, base 175 and support 190 
may be joined by a bond layer 250. A heater 235 may be positioned below or 
abutting the electrostatic member 100. 


